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INTRODUCTION
General Nature of Study

·

Lake ecosystems provide resources that are of vital importance to plant and animal communities.
They serve as habitats for diverse flora and fauna and play a major role in the hydrologic process. Lakes
also provide recreational areas and aesthetics , and supply water for drinking, household and agricultural
u ses. However , many of the land use practices that occur in the drainage area surrounding a lake (i.e.,
the lake's watershed) can lead to a decline in the lake's water quality through eutrophication. Eutrophi
cation is the process of excessive addition of inorganic nutrients , organic matter, and silt to lakes,
resulting in increased biological production (Cooke et al. 1 986). As a natural aging process, eutrophi
cation occurs as a result of the accumulation of sediment and decaying matter within the lake basin until
it is entirely filled (Harper 1 992). Of particular concern is cultural eutrophication in which the natural
process of eutrophication is hastened by the rapid addition of nutrients. Nutrient loading is due to human
activities such as residential development, agriculture, and road construction (Pearsall 1 99 1 ). Indica
tions of a eutrophic lake include: high surface to volume ratio of the water body, highly turbid water ,
organic-rich bottom sediments , dense algal growth, low dissolve,d oxygen content of the water, and low
species diversity of aquatic organisms (Maitland 1 978).
Pattee Pond and the surrounding watershed are located within the towns ofWinslow, Vassalboro,
China, and Albion, Maine. The pond is relatively small and shallow, approximately 5 1 1 .5 acres with a
mean depth of 5 meters. The direct drainage area is relatively large, 33.01 square kilometers, consisting
1argely of forested and agricultural land, as well as privately-owned summer cabins. There are three
tributaries that flow into Pattee Pond and one tributary that flows out of the pond. The pond has a fast
flushing rate according to the Maine Deparnn ent of Environmental Protection (MDEP) , with 2.13
flushes per year. Pattee Pond is classified as a moderate to sensitive lake by the MDEP. This indicates
that the lake has a high potential to develop algal blooms in response to small increases in phosphorus
concentration. Pattee Pond has experienced algal blooms in the past, which were attributed to nutrient
increase from both shoreline development and agriculture (Maine Dept. of Environmental Protection
1 992a) .
The purpose of this study was to analyze the water quality of Pattee Pond and to determine the
factors that influence it. The study was divided into two major portions: 1 ) an assessment of land use
practices that influence the water quality of the pond, and 2) an as sessment of actual water quality of the
pond and its tributaries. The investigation of the land use practices in the Pattee Pond watershed focused
on determining the extent to which humans influence the water quality of the lake. Water from Pattee
Pond and its tributaries was sampled and analyzed in the second portion of our study. The results were
compared to previous studies of the lake.
An important goal of our study is to provide information that will enable the residents of Pattee
Pond and its watershed to increase understanding of the lake's dynamics and thus improve the lake's water
quality. Recommendations will be made, based on the evidence found in our study, to help improve and
protect the water quality of Pattee Pond. It is our hope that the residents of Pattee Pond and its watershed
will take notice of the suggestions we make and thus take an active role in protecting the lake and its
surroundings.
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Lake Characteristics
Distinction between a P on d and a Lake
A pond i s a body of standing water that allows light to reach the bottom. Other characteristics
include the lack of stratification and lack of wind-generated waves eroding its shores (Maitland 1978).
Lakes, on the other hand, tend to have deep areas to which sunlight does not reach; therefore ,
photosynthesis cannot occur. Stratification exists, and wind-generated waves often erode lake shores.
Both pond and lake ecosystems are dynamic, and therefore life within these ecosystem s is affected by
the physical and chemical properties of the water. Pattee Pond, although called a pond, exhibits the
characteristics of a lake and undergoes stratification (Williams, pers. comm.).

T roph ic Status of Lakes
Physical traits, including environmental, topological, and geologi cal characteristics, have a
significant contribution to the characteri zation of the water quality of a lake (Maitland 1978) . Chemical
and biological p aram eters also con tribute to the characterization of lakes. Classification of the trophic
status of lakes, in volving physical, chemical, and biological factors, serves to assess the general stage
of the lake body in the process of eutrophication.
A useful biological classification sys tem of standing-water types was proposed by Thienemann

( 1925). Thienemann ' s system is based on the existence of three lake types according to their trophic
state: oligotrophic, eutrophic, and dystrophic (Table 1). Generally, oligotrophic lakes are deep, poor in
nutrien ts, and oxygen-rich . Variable depths and nutrient levels with a high humus base are consistent
with dystrophic lakes, resulting in brown water which often "resembles beer or even stout" (Macan and
Worthington 1968).

This s cheme, though arbitrary and extremely general, has been useful to

limnologists in classifying and comparing lakes.
Me sotrophic lakes are intermediate between oligotrophic and eutrophic l akes with respect to lake
character(Maitland 1978). We have classified Pattee Pond as a mesotrophic lake. The lake has relatively
low nitrate levels as well as a relatively high dissolved oxygen content, both of which are characteristics
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Table 1 . Generalized characteristics of eutrophic, oligotrophic and dystrophic lakes
(Adapted from Maitland 1 978).

Character

Eu trophic

Basin shape
Lake substrate

Broad and shallow
Fine organic silt

Lake shoreline
Water transparency
Water color
Dissolved solids

Weedy
Low
Yell ow or green
High, much N and
Ca
High
High at surface, low
under ice or
thennocline
Few species, high
numbers. Cyanophyceae typical
Many species ,
abundant in shallow
water
Few species, high
numbers
Few species, high
numbers
Many species,
especially
Cyprinidae

Suspended solids
Oxygen
Phytoplankton
Macrophytes
Zooplankton
Zoobenthos
Fish

Oligotrophic

Dystrophic

Narr ow and deep
Stones and inorganic
silt
Stony
High
Green or blue
Low, poor in N

Small and shallow
Peaty silt

Low
High

Low
High

Many speci�s, low
numbers. Chlorophyceae typical
Few species, rarely
abundant but found
in deep water
Many species , low
numbers
Many species , low
numbers
Few species,
Salmonidae
characteristic

Few species, low
numbers

Stony or peaty
Low
Brown
Low, poor in Ca

Few species, some
abundant in shallow
water
Few species, low
numbers
Few species, low
numbers
Very few species,
often none

of an oligotrophic lake (Davis et al. 1 978). However, the lake is shallow and continues to support algal
blooms and macrophyte growth. These traits are commonly associated with eutrophic lakes (Williams,
pers. comm.).

Lake Basin Characteri stics
Seasonal variation in the physical and chemical properties of lakes, such as temperature and
dissolved oxygen, is very common (Fig . 1 ).

In

summer, lentic communities (slow moving water

ecosystems) can become stratified into three layers: the epilimnion, the thermocline and the hypolim
nion. This stratification is due to the physical properties of water at different temperatures. At 4 ° C, water
is at its most dense state and will sink to the bottom of the pond or lake. Therefore, any water with a
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Summer

Pall

Winter

Fig. 1. Season.al variation of temperature in a stratified lake.

temperature above or below 4 ° C will rise above this level and help contribute to lake stratification (Smith
1 986).

In the late spring and summer, the epilimnion, the uppermost layer, is warmed faster than the

deeper waters of the hypolimnion. The thermocline, a rapid transition zone, acts as a barrier between
these two layers. Due to differences in the water density between the warm epilimnion and the cool
hypolimnion, little mixing occurs . Although a lake may be temperature-stratified, there is not always
a corresponding increase in the dissolved oxygen at the bottom. Temperature directly affects the
dissolved oxygen concentrations in the water in that, as water cools, its ability to hold oxygen increases .
Conversely, there is sometimes oxygen depletion in the bottom layers caused by a large amount of
decaying phytoplankton. The phytoplankton live near the s urface of the water, but sink to the bottom
after they die. The decomposition of the dead phytoplankton on the bottom by bacteria consumes the
available dissolved oxygen in the respiratory process. This depletion of dissolved oxygen can not only
create problem s for aquatic fauna, but can also lead to a decrease in water quality. Significantly low
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dissolved oxygen levels at the bottom of a lake in wanner months can lead to a release of phosphorus
from the lake bottom. Internal recycling of this released phosphorus occurs when the water column
m ixes, which in tum provides more phosphorus for the surface algae, and can eventually lead to algal
blooms (see Phosphorus Cycle) (Pearsall 1 99 1 ).
Lakes in the winter months are also stagnant in that the temperature is fairly invariable. As the
surface water cools below 4 ° C, it becomes less dense, remains at the top of the water column and freezes.
The water beneath the ice and the water near the bottom are warmed both by solar radiation and
conduction (up to 4 ° C). Therefore, this denser water stays at the bottom . Funhermore, dissolved oxygen
concentrations of lakes decline during the winter months due to an imbalance of respiration and
photosynthesis. Because of decreased levels of light and reduced exposure to air when snow and ice
cover the lake, more oxygen is used for respiration than is produced through photosynthesis.
In temperate latitudes, the water in most lakes and ponds undergoes a process of circulation in
early spring and fall. The atmospheric cooling of water by convection in autumn leads to changing
density in the upper layers, causing surface waters to sink. Meanwhile, the lighter and warmer water rises
to the top of the pond, thus renewing the surface nutrients and completing the fall overturn (Mann 1980).
S imilarly, in the spring the surface water wann s and the ice melts. Once the temperature is more uniform
at approximately 4 °C, the lake undergoes vertical mixing.

The Phosphorus Cycle
Phosphorus found in the sediment and the water column of a lake directly affects the water quality
of the lake ecosystem since it is usually the limiting factor for algal growth. Phosphorus in a lake or pond
exists both in a biologically unavailable organic form and an inorganic form that is taken up by plants .
The sum of these two form s of phosphorus is defined as the total phosphorus concentration (Begon et
al. 1 990). In the phosphorus cycle, phosphorus is recycled from the sediment to the water column where
it is made biologically available.

Moreover, phosphorus returns to the sediment when organism s

decompose. Phosphorus is supplied by precipitation, ground water, streams, and human and industrial
sources. Outlet streams carry phosphorus out of the lake ecosystem.
The organic phosphorus in decaying plant material and inorganic phosphorus bound to soil
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particles both serve as nutrient reserves in the lake sediment. The decomposition of dead organic matter
by bacteria at the lake bottom cau s es dis solved oxygen depletion, som etim es reaching anoxic conditions ,
w hich promotes the conversion of organic phosphorus to inorganic phosphorus (Begon et al. 1990).
Under aerobic conditions, a layer of iron in the sediment chemically complexes with phosphorus to form
oxyhydroxides of iron and phosphorus , which inhibit the mobility of phosphorus in the water colum n
(Stumm et al. 1 98 1 ).
Iron is reduced from a ferric to a ferrous state when the dissolved oxygen concentrations fall
below 1 part per million (ppm). S uch anaerobic conditions , commonly caused by dead algae from algal
bloom s, cause chemically bound phosphorus to be released from the sedim ents. As this phosphorus is
brought up from the depth by lake mixing, it stimulates additional algal growth .

Under aerobic

conditions , small amounts of phosphorus in the sedim ents not bound to iron are releas ed to maintain the
balance in the water column between phosphorus in the soluble phas e (dissolved inorganic orthophos 
phates) and phosphorus in the solid phase (organic particulate phosphates). Orthophosphates serve as
a transitional form and are quickly as similated by plants . Particulate phosphate s must be hydrolyzed or
transform ed before they can be taken-up by plants (Stumm et al . 1 98 1 ).
Inputs of high levels of phosphorus from external sources, such as i ndustry and agriculture, can
disrupt the fragile balance of phosphorus recycling in a lake or pond. As a res ul4 severe algal bloom s
may occur causing a decline in water quality .

Stream characteristics

S tream s are examples of lotic or flowing water ecosystems.

S treams are important in the

hydrologic cycle (Hynes 1 970), serving as links between terrestrial and aquatic ecosystems (Smith

1990). Precipitation is the primary source for stream water, although the i nfiltration of ground water
also contributes to stream s . A lake s erves as a potential res ervoir for any of the water that falls in a
watershed. Topographical irregularities in the terr�n concentrate the water flow i nto stream chan nels
(Purdom and Anderson 1980) . The water within thes e stream channels is es s entially a one-way flow that
acts as a transport system to the lake for nutrients , s ediments, pollutants , and organism s that have becom e
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suspended in the water column (Maurizi and Poillon 1 992) .

The cycle of nutrients, therefore, is

t

considered a downstream , transient 'spiral ' , differing from the localized cycling of nutrients within a ake
system (Maurizi and Poillon 1 992).
S treams not only serve as a transport and cycling system, but also as processing systems for
organic material from adjacent terrestrial environments (Smith 1990) . The primary trophic function of
a stream is heterotrophic (decomposing). Thus, the organisms living in the stream system depend largely
upon external sources of energy and nutrients such as ground litter. These large organic materials , as well
as dissolved organic materials, provide most of the energy sources for organisms living within the
streams. The organisms use the energy and then release energy downstream by defecation or decompo
sition, where it becomes available for lake organism s (Smith 1 990) .
The character of a stream is determined by variables such as soil type, vegetation, substrate,
morphology, and climate (Moriswa 1 985). Current, however, is the most significant characteristic of
running water, dictating other characteristics for that system (Hynes 1 970) . Morphology, for instance,
is directly related to stream velocity, where the speed determines the composition of the stream bed.
Velocity varies throughout the length of a stream , creating gradients of biotic and abiotic factors (Smith
1 990) . Flow rate is defined as the volume of water that flows past a particular point in a given stream
channel in a given amount of time. Flow rate is determined by the physical characteristics, such as width ,
depth, and slope of a stream , as well as the amount of water entering the stream from run-off and
precipitation. Variations in the flow rate are due to changes in any of these factors. Flow is determined
by continually changing water levels of the lake and stream s, which are directly proportional to the
amount of water added to the watershed through run-off and precipitation. Therefore, flow can be highly
variable in both rate and direction.
Inflow and outflow of water within a lake system are critical, as they can affect nutrient loading
to the lake. Streams are part of a uni-directional system in which there is a point of entry and a point of
exit. Theoretically, there is no net loss of water and all volume of water entering or leaving the lake during
a year can be accounted for. However, in our study of Pattee Pond, time and resource constraints did
not allow for such an extensive study.
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Watershed Land Use

Land Use Types
The total land area that contributes water to a particular lake is known as the lake's watershed.
Watershed boundaries can be identified by connecting points of highest elevation around a lake and its
tributaries.
The asses sment of the water quality o f a lake must include the consideration o f different land use
practices within the watershed and their role in phosphorus loading. Because some soils can bind with
phosphoru s , sedim entation and soil erosion can affect the water quality. Different land use practices have
the potential to disturb the soil, causing varying degrees of erosion and run-off that could contribute to
the amount of phosphorus entering the lake. Human activity is the major cause of increased phosphorus
levels in lakes. M any lakes in Maine have already experienced dramatic declines in water quality as a
result of these human perturbations (Maine Dept. of Environmental Protection 1 992b ).
Any type of cleared land, including agricultural and pasture land, contributes to enhanced
nutrient loading. The removal of vegetation, smoothness of land surface, and compaction of soils
combine to increase s urface run-off dramatically. Sediments from these land types pose potential water
quality problems because they tend to carry large amounts of nitrogen, phosphorus, plant nutrients, and
chemicals (including pesticides and fertilizers)(Maine Dept. of Environmental Protection 1 992b) . The
destruction of natural buffer strips, logging, mowing of fields , and addition of livestock manure also
contribute to nitrogen and phosphorus run-off in lake watersheds .
Forested land can offer protection against nutrient loading. The impact of rainfall is reduced by
the forest canopy. The presence of a root system deters erosion and run-off by holding soils in place ,
enabling fore sts to function as a buffering system . In addition, the roots can absorb nutrients before they
reach the lake. Forests are especially imponant in areas of severe slope within the watershed. A study
done in Augusta, Maine comparing a low-density residential watershed to an adjacent forested watershed
reveals that phosphorus export is up to ten times greater in the developed watershed (Dennis 1 986).
These inputs represent a permanent supply of phosphorus to the lake and an equally permanent and
irreversible decline in water quality .
Commercial land use s such as logging and tree harvesting destroy natural buffers , increasing the
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potential for nutrient loading. Two studies conducted by the Land Use Regulation Commission on
selected active and inactive tree harvesting sites found significant erosion and sedimentation problems
occurring on approximately 20% of all inactive sites and over 50% of active sites (Maine Dept. of
Conservation 1 983). The Commission also found that sedimentation problems persisted for several
years in 1 out of 1 6 inactive sites (Maine Dept. of Conservation 1983). Presently, there are no active
logging sites within the Pattee Pond watershed.
Residential areas may be characterized by non-shoreline (year-round) or shoreline (seasonal)
homes. Year-round homes have a potentially greater impact to a pond due to increased duration of use.
Subsurface percolation from septic systems common to year-round residences, as well as to seasonal
homes with inadequate waste treatment, can contribute nutrients to a pond. Lawns, driveways, parking
areas, and rooftops cause run-off and eliminate the land's natural ability to act as a sponge. Residential
land use practices often include properties which slope to the edge of the lake without any buffer strip,
the use of chemicals (fertilizers, pesticides, herbicides, wood preservatives), household detergents
containing phosphorus, and the treatment of wood decks all cause potentially serious problems to water
quality.
The

four types of roads found in the watershed (state, municipal, dirt, and fire roads) may also

contribute to water quality decline. Improper construction and maintenance techniques increase nutrient
input caused by roads. Maintenance on roads within Winslow consists of repairs made with petroleum
derived bituminous tar compounds, which are high in phosphorus, and the spreading of sand that contains
a small amount of salt (Baker, pers. comm.). Roads are an important consideration in phosphorus loading
because they are both a source and a conduit for surface run-off.
Recreational land uses include summer camps, boat docks, Giordano's campground for recre
ational vehicles, and a beach at Camp Caribou. Their use increases human impact on the natural system
posing a potential threat to water quality.
Land use practices, whether forest, agricultural, residential, roads, or recreation are important
factors affecting Pattee Pond water quality. To protect water quality effectivel y, it is necessary to control
permanent increases in phosphorus export (caused by long-term changes in landscape) as well as any
temporary increases. The quality of water in Pattee Pond depends on the condition of the land within
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the watershed. Land use practices must be thoroughly examined to determine the degree of erosion and
nutrient export, and to make assumptions on the future status of the lake ecosystem from the data
gathered.

Nutrient Loadin2
The l argest nutrient impacts to the water quality of a lake are nitrogen and phosphorus. Nitrates
are usually more readily available in lake systems than phosphates, making phosphorus the limiting
nutrient in primary productivity (Reckhow and Chapra 1983 ). An increase in phosphorus, therefore,
usually leads to an increase in primary production and the eventual eutrophication of the lake. Algal
populations soar when phosphorus is abundant. Rapid growth causes a decline in water transparency and
as algae die, leads to a sudden decline in dissolved oxygen due to respiration by bacteria in the decay
process. Oxygen depletion may result in the death of fish and other aquatic animals. The color of the lake
usually becomes green and releases a strong odor as the algae decay.
The eutrophication of lakes can be greatly increased by human activities within the watershed.
Farming, animal waste , soil (from erosion), detergents, fertilizers and storm water run-off are major
sources of external phosphorus. S torm water, if not properly drained, can leach phosphorus from the soil.
Smooth surfaces speed up this process by increasing the amount of surface run-off. The focus of this
study is to identify sources of phosphorus within the watershed, determine the total external phosphorus
input and its curren t and future effects on the lake.
The total input of phosphorus into the lake can be determined using a phosphorus loading
calculation in w hich all the inputs are considered. The concentration of phosphorus within the lake basin
is dependent on the flushing rate, the dilution of phosphorus in the lake and the rate of release of
phosphorus from the sediments, macrophytes, and other sources within the lake basin (Cooke et al.
1986) .

Soil Types
The soil type of an upland area strongly influences the amount of phosphorus that the area will
contribute to a water body (Rocque et al . 1990). Phosphorus will enter the water body in one of two ways;
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either in dissolved or particulate form . Leaching through the soil column dissolves phosphorus from the
surface of soil particles and transports it into the groundwater, which can flow into the lake. In the c� se
of erosion and run-off, soil panicles are washed directly into the water. Upon entering the water, the
phosphorus that is bound to these soil particles will become soluble. Both the route and the concentration
of phosphorus that enters the water are dependent on soil characteristics. Permeability, phosphorus
retention, erodibility, slope, depth of the water table, and thickness of the soil above bedrock, are the most
important phosphorus related soil characteristics. If the soil type is not suitable for the desired land use
(based on the above characteristics), the potential exists for that area to contribute a large amount of
phosphorus to the lake body.

A mculture and Forestry

Agriculture can be a major contributor of non-point source pollution to a lake. Some different
types of agriculture are cattle and crop farms and logging operations. For cattle and crop farm s,
pesticides, chemical fertilizers and manure are the three most serious forms of non-point source pollution
to a lake. The major pollutant from cattle and crop farms is phosphorus from chemical fertilizers and
m anure. Manure from cows is used as fertilizer and is commonly spread on pastures. If the spreading
is done in late fall, winter or early spring when the ground is frozen, most of the m anure will not be able
to decompose into the ground so it will run off during periods of thawing (OECD 1986) .
Chicken manure is approximately three times higher in nitrogen and fifteen times higher in
phosphorus than cow manure (Seekins 1986). While the amount of manure from an individual chicken
is much smaller than from a cow, chicken farms may have populations in the tens of thousands while a
dairy or beef farm may have cattle numbering in the hundreds. As with cattle, the most important aspect
of a chicken farm as far as water quality is concerned is how the farmers handle the manure. In a large
commercial chicken farm , the chickens are kept in multi-storied barns for their whole lives . The m anure
is left to collect in a litter usually of saw dust on the floor for periods of 7- 14 weeks. Because chicken
m anure is so high in nutrients, it is a valuable addition as fertilizer to vegetable and crop farms. Therefore,
chicken farms can usually rely on local farmers to come and haul off m ost all the chicken m anure . Run
off of nutrients can arise from farmers who spread the chicken m anure on their land. Factors such as
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proximity to streams and lakes and soil types contribute to the impact a farm can have on the water quality
of a body of water(OECD 1 986).
Logging can also be a source of nutrient loading into a lake. Logging contributes to phosphorus
and nitrogen export to lake bodies, by decreasing the amount of tree cover, thus leaving soil exposed.
Also, a large number of dirt roads must be made to extract trees. This exposed soil from logging roads
and logged land, which naturally contains nutrients, is washed away in rain run-off. Also, the run-off
may cause soil erosion. Added sediments into a lake from erosion may provide suitable substrate for
macrophyte growth. The nutrients naturally in the soil that is under going erosion may eventually reach
streams and enter lakes. Logging done near lakes and streams will have the greatest tendency to
contribute nutrients to a body of water. Other factors controlling the amount of nutrients entering a lake
from logging are the type of logging performed (i.e., clear-cut or selective cutting), the soil type, and the
slope of the area logged.

Subsurface Wastewater Disposal
S ubsurface wastewater disposal is the only method of handling household wastes for the
residences within the Pattee Pond watershed because municipal waste treatment is not available.
Choosing the proper method of disposal considering soil type, topography, and proximity to surface
water is essential in protecting the water quality of Pattee Pond. There are four methods of subsurface
wastewater disposal used within the Pattee Pond watershed: privies, holding tanks, cesspools and septic
systems.
The most primitive method of disposing of human wastes is a pit privy, or outhouse. This is a
waterless toilet placed over a hole in the ground where human waste is deposited and absorbed into the
soil. The waste is degraded biologically before it reaches the water table.
Holding tanks are a common method of wastewater disposal along Pattee Pond because of the
shallow soil and steep slope. This method involves a watertight receptacle, with an alarm, which holds
wastewater until it is pumped out by a certified company and disposed in a location licensed by the Maine
Dept. of Environmental Protection. Under state regulations, holding tanks may only be installed to
replace an existing system or for commercial structures when no other alternative is possible. A holding
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tank is not permitted to satisfy the requirements for a Seasonal Conversion Permit (Division of Health
Engineering 1 988).

If functioning properly, a holding tank should pose no threat to the watershed

because no wastewater enters the soil.
A cesspool consists of a five to six foot diameter sump, buried several feet below the ground,
in which large solids are trapped. Liquid is allowed to seep through openings at the sides and the bottom.
This method of wastewater disposal is no longer approved by the State of Maine (Division of Health
_
Engineering 1 988).

A small number of the old wastewater disposal systems observed around the

watershed are possibly cesspools.
Septic systems

are

the most complex of the four systems and consist of three components: the

septic (or settling) tank, porous pipes, and a leaching field. All household wastes and gray water are
transported from the home by a pipe into the settling tank. This tank allows heavy solids to settle to the
bottom of the tank. The lighter solids, such as paper products, float to the top of the tank and are held
from entering other pipes by baffles.

The tank provides an anaerobic environment for bacterial

decomposition of the organic wastes. The separated liquid travels into a pipe that extends to porous pipes
located in a leaching field.

The perforated pipes allow the septic effluent to seep slowly into the

surrounding soil of the leaching field.

Remaining solids are removed from the liquid by aerobic

microbial degradation and through naturally occurring filtration through the soil. Leaching fields must
contain soils and rocks with adequate permeability (Canter 1986) . Under ideal conditions, the liquid
from the septic tank is free from pathogenic organisms and other contaminants by the time it reaches the
water table or the lake body.
The four most important factors affecting the performance of a septic tank drainage field

are :

percolative capacity, infiltrative capacity, soil particle size, and drain field loading rate. Percolation is
the rate of effluent transmission through the soil pores. Infiltrative capacity is the rate the effluent enters
the soil, whereas loading rate is the amount of effluent flushed into the system per day. Infiltrative
capacity and loading rate are influenced by slope and soil depth. Severe land grades can cause effluent
to drain quickly through the pipes so that percolation occurs only at the end of the pipes. Soil depth in
the leaching field is important to ensure that waste can be adequately filtered and degraded before
reaching the water table (Division of Health Engineering 1983 ). The regulations for the state of Maine
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require 24 inches from the surface to bedrock, although variances can be granted to 15 inches
(Stankewitz, pers. comm . ) .
The percolative capacity o f the soil i s critical i n determining the success o f the filtering of
remaining solids from the liquid effluent If effluent is unable to drain through the soil sufficiently, it
can back up into the septic tank, thereby clogging the entire system. Conversely, the soil should not be
excessively permeable so that the effluent is discharged too quickly into the water table before adequate
filtration has occurred . Ideally, the soil should drain the water easily, yet slowly enough for the fluid to
be filtered adequately. Soil pores vary in size with the soil texture. Soil with fine textures, such as silt,
absorbs effluent very slowly while sandy soils can absorb larger quantities. Liquid movement through
coarse soils is primarily by gravitational pressure. Fine soil creates capillary tension that hinders the
gravitational pull thereby slowing the percolation rate (Division of Health Engineering 1983). Thus, the
soil type governs the efficiency of subsurface waste disposal.
The distance from the septic system to the lake body should be adequate so that septic effluent
does not enter the surface water or water table with pathogenic organisms, nutrients , and other
contaminants remaining in the discharge.
For obvious aesthetic and health reasons, septic systems should be properly maintained and emit
a minimal amount of effluent that will be hannful to the watershed. Malfunctioning septic systems
around a water source can lead to increased Biochemical Oxygen Demand (BOD), eutrophication, and
water contamination, all of which threaten the water quality of the l ake. If the B OD exceeds the amount
of Dissolved Oxygen (DO) in the pond, aquatic fauna and flora that require oxygen begin to die . The
amount of organic matter present causes the BOD levels to increase because there is more competition
for the same amount of oxygen (Montgomery 1 989).

Landfills
Pollutants such as nutrients and toxins can leach out through ground water and through run-off
into stream s and lakes. Materials dumped into the landfill that can be easily dissolved c an leach into the
groundwater or be transported by rain water run-off into a lake. There are a few factors that influence
the amount of leaching and run-off from landfills. Leaching effects will decrease as the distance between
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a landfill and a lake increases. Also, as the land going from the landfill to the stream or lake gets steeper,

p

the amount of leaching and run-off increases. The type of soil a landfill is located on is also a factor ue
to differences in permeability, acidity, and water table levels. If the landfill is located in contact with the
water table, then contaminants may travel through the groundwater. Burning of waste may release some
of the pollutants in the form of loose ash, which makes the contaminants more accessible to run-off and
leaching. Landfills can be closed by capping the landfill with a layer of soil, such as clay, that is
impervious to water. The amount of cover material, the type of cover material placed on the landfill, and
the frequency of application are other factors that will determine how big a threat a landfill is to the water
quality of a lake.

Zonin� and Development
Zoning laws regulate the development of property to ensure community welfare. Without
regulation, uncontrolled development within a watershed can have adverse effects on the water quality
of a lake. The purpose of shoreland ordinances is to maintain healthy conditions, control water pollution,
protect wildlife and freshwater wetlands, control building and placement of structures, control land uses,
conserve the rural character and aesthetic beauty, and to anticipate and respond to development.
Development needs to be monitored because it contributes to the phosphorus loading of a lake.
Sources of phosphorus loading by households are detergents and soaps, fertilizers and pesticides used
on lawns and gardens, and run-off from roofs and driveways. Chemicals can enter the water column due
to an inadequate drainage system or run-off from lawns. Driveways and roofs channel rainwater, which
results in increased erosion.
Town zoning ordinances control the width of a buffer zone, or filter strip, which is an area of
natural vegetative growth between a structure or land use type on the shore and a body of water.
Phosphorus and other nutrients are absorbed by the buffer zone through soil infiltration and plant uptake,
preventing them from being carried to the body of water during a storm. Also, the vegetation serves as
a barrier to soil erosion, protecting the lake from sediment buildup and increased phosphorus export
bound to these soils. Since the Town of Winslow has not yet submitted their own shoreland zoning
ordinance they are subject to Maine State regulations (Table 2).

Page 15

Table 2 . Minimum zoning standards.

Parameter

Maine State Shoreland
Zoning Ordinances

Winslow Requirements
for Seasonal Residential
District

minimum residential lot area
for shoreland zone
(non tidal area)

40,000 square feet

20,000 square feet

minimum shore frontage

200 feet

1 00 feet

minimum builing setback from 1 00 feet great ponds
shore
7 5 feet streams

not addressed

area of structures and
nonvegetated surfaces

maximum 20% total area

not addressed

vegetation clearing

1 00 feet from waterline

not addressed

Roads
Roads c an be a major contributor to phosphorus loading within the watershed, especially if they
are not maintained properly. The roads within the watershed were classified into four types : fire (dirt
roads on the east side of the lake that are privately maintained), dirt , municipal , and state. The biggest
problems , in term s of phosphorus loading and monetary expense, are roads that lead down to the edge
of the water, roads that are heavily eroded, roads that have many potholes, roads that have inadequate
or broken culverts, or roads that are steep. Roads should have vegetated ditches to allow for drainage
and absorption of run-off before the water reaches a stream or lake. Be sides phosphorus, roads can also
contribute to the addition of other nutrients and organic pollutants.
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Study Area

Geological Perspective of Pattee Pond
Lalce Formation
Maine owes much of its current topographical features to those proces ses carried out by the
m as sive glaciers of the most recent ice age; the Wisconsin glaciation of the Pleistocene period. Within

1 00 km of the Maine coast there exists a tightly folded belt of metasedimentary (sedimentary layers that
have undergone metamorphosis) rocks. The predominant southwesterly flow of the ice and glacial rivers
resulted in the formation of numerous lake basins oriented in the same direction. The proces ses of sub
ice abrasion, erosiJn, and plucking of material from the land, resulted in the formation of such lakes as
Pattee Pond and the neighboring China and Messalonskee lakes. Following the deglaciation of the area

( 1 2,500- 1 3 ,500 years ago) , during the final formation of the lakes, there was a thick deposition of marine
silt and clay known as the Presumpscot Formation. The Presumpscot formation has a thickness of 0- 1 1 0
feet, overlies bedrock, till, or stratified drift, and was formed during the late Pleistocene period from
changes in sea level (Keroher 1 966). These soils are easily disturbed by human activities . The result
of such activities can be increased erosion, nutrient fluxes, and greater accumulation rates of sediments.
Thus care must be taken when developing land within any of the watersheds of the above mentioned lakes
(Davis et al 1 978).

Pattee Pond Characteristics
Pattee Pond, located in the town of Winslow, Maine, is a small, re latively shallow lake, with
characteristics as are shown in Table 3. The watershed of Pattee Pond includes areas in the town ships
of Albion, China, Vassalboro, and Winslow, Maine. The lake is situated at 43° 32' N 69° 34' W in
Kennebec County, and has a watershed basin of 3507 .5 hectares.
The S tate of Maine has the highest total surface area of inland water in New England with thirty
nine percent of the inland water area (5 ,9 1 0 km2) . The majority of this water area is contained within

5 ,700 lakes that are greater than 0.4 hectares in surface area. Of these 5 ,700 lakes, only about one percent
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have surface areas greater than ten km 2 . Pattee Pond has a reported surface area of 2.9 km 2 , which along
with its maximum and mean depth make it an average- sized lake for the S tate of Maine (Davis et al .
1 97 8 ) .

Table 3 . Physical characteristics o f Pattee Pond.

Category
Max. Depth
Mean Depth
S urface Area
Flushing Rate
Volume
Direct Drainage Area
Classification

493 Data

MDEP Data
8m
5m
499. 1 acres
2. 1 3 flushes/yr.
8927903 .3 cu. m.
32.58 sq. Km
Moderate/Sensitive
.

5 1 1 .5 acres
2 .02
3 3 .0 1 sq. Km

.

The drainage basin of Pattee Pond is underlaid by a shal low layer of bedrock. Typically, the
longer water remains in contact with the mineral or rock fragments , the higher the concentration of
dissolved solids will be. Drainage basins underlain by shallow bedrock or impermeable soils show a rise
in dissolved solids as water flow decreases. The decline in water flow draws water from within the soil
or even the bedrock, resulting in an increase of dissolved solids . Pattee Pond differs from other lakes
in its high amount of surrounding wetland areas. Wetlands tend to act as both sediment and nutrient traps,
but can also contribute organic matter to the water, thus being either detrimental or beneficial to the
containment of dissolved solids within the lake (Davis et al. 1 97 8).
Historically Pattee Pond has been used primarily for recreation by the neighboring communities .
I n the past, the surrounding lands were used primarily for agriculture and forestry, but presently most
land use is of a residential nature (see Land Use Patterns). There are a large number of seasonal residences
on the pond, with the highest density being found on the western and eastern shores, and a large summer
camp situated at the north end of the pond (Fig. 2) .
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Study Objectives
Pattee Pond and Tributaries
Water Quality A ssessment
The curre n t water quality of Pattee Pond was asses sed by testing various parameters , and the
results were compared to the data collected by the MDEP and others from past years . Tes t results at
different sites on the pond body were compared to help determine the effect of various land use practices
on water quality. Physical , chemical and biotic parameters of the tributaries flowing into and out of Pattee
Pond were also measured to determine nutrient inputs and outflows from the pond. A water budget was
c alculated in order to determine general trends in water quality over time and offer suggestions for
improving or m aintaining the current water quality .

Recommendations
A sampling scheme that encourage s continual monitoring of the water quality of Pattee Pond was
recommended, based on findings from our study . It is hoped that with monitoring and education, the
water quality can be maintained or improved in the future.

Land Use
General Patterns in Land Use from 1 965 to Present
The examination ofland use patterns provides a method of determining potential nutrient loading
in a l ake system . This study attempted to discern land use trends in the Pattee Pond watershed over time
to m ake recommendations for future use. From our land use classifications in 1 965 , 1 97 5 , and 1 99 1 the
percentage of each land use type in the watershed was calculated to enable comparisons.

External Phosphorus Loadin�
The water quality of a lake or pond is most noticeably affected by increases in the concentration
of phosphorus. The watershed for Pattee Pond was divided into individual categories, each of which h as
a specific phosphorus input. The goal of this study was to calculate the total phosphorus input from each
of the individual categories to determine the phosphorus sources and the total amount being contributed
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to the lake as well as to design a phosphorus budget.

The amount of phosphorus that an area will contribute to a lake is greatly influenced by the type
of soil found in that area. Soil properties determine whether a particular use of the land is appropriate.

In examining the soils of the Pattee Pond watershed, we used soil propenies to j udge the suitability of
the existing land uses and the feasibility of any future development.

Amculture and Forestty
The present and past farming practices in the Pattee Pond watershed were examined to determine
how these farms may have contributed and are now contributing to nutrient contamination of Pattee
Pond. Farm practices within the watershed include dairy, small crops, and logging operations.

Waste Disposal
The primary objective was to determine the status and location of waste systems for each
residence within the watershed. Percentages of each of the system types were calculated from this survey
and correlated with subsurface waste disposal regulations to determine the legality of each of the systems.

Landfills
To study past landfill and dumping practices, the history of the old Winslow town dump was
researched. The extent of past and present pollution from the old dump was examined.

Zonin� and Development
The Pattee Pond watershed is shared by Winslow, Albion, and Vassalboro. However, the 250
ft. shoreline area of Pattee Pond is within the Winslow town borders , and therefore, is only subject to
Winslow Town Ordinances and Maine ' s Mandatory Shoreland Zoning Ordinances .

This study

attempted to develop an understanding of the issues surrounding the referendum w hich allows
conversions from seasonal to year-round single-family dwellings and the implications of such changes .
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Roads
The goal of our road reconnais sance was to determine the condition and maintenance of the
roads and to calculate the area of the roads in the watershed. From this information, the impact of the
roads on Pattee Pond could be determined and specific roads which need special attention were
identified.

Recommendations
According to current land use, soil type patterns, and projected growth, recommendations were
m ade, both generally for public awareness and specifically for legislative bodies, foc using on current
land use practices and suitable sites for possible future development. Recommendations concerning
water and core testing in the area within and around the landfill were made , along with any subsequent
action if it is deemed necessary by test results . Finally, projections and recommendations were made
concerning the newly passed referendum on year-round residence and the ability of the watershed to
withstand increased use of existing waste systems.
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ANALYTICAL PROCEDURES AND FINDINGS

Water Ouality Study Sites

Pattee Pond Sampling Sites
Eleven pond sites and four inland tributary sites were selected to investigate factors that might
affect the water quality of Panee Pond. The sites were chosen to assess the relative impact on water
quality of residential, agricultural, recreational, and marsh areas (Fig. 3 ) . Marshes contribute additional
nutrients, and may indicate the beginnings of eutrophication such as evidence of soil erosion. S amples
were taken on 28 Sep 92, 5 Oct 92, 1 2 Oct 92, 26 Oct 92, and 28 Oct 92. B ecause precipitation may
contribute to the water quality and affect the flushing rate, the weather data were recorded on each
sampling date. The week of 28 Sep 92 included three days of rain totaling 2.23 inches (Kennebec Water
District) . Light showers also occurred on 1 0 Oct 92, 1 1 Oct 92, and 1 2 Oct 92 totalling to 1 . 1 3 inches.
There was a steady rain of 1 . 1 2 inches on 25 Oct 92, and 0. 1 5 inches on 26 Oct 92.

SITE 0:
SITE 1 :

SITE 2 :

SITE 3:
SITE 4 :

SITE 5:
SITE 6:

Located at the mouth of Northeast Inlet and just south of Pattee Pond Outflow.
Located in the center of the pond. The site served as the control (the least likely to be
affected by the surrounding land) and represented the deepest point of the pond. The
site was equidistant from the eastern and western shore, and equidistant from north to
south between Camp Caribou and the South Marsh.
Located along the eastern shoreline, approximately 2 5 m west o f Giordano ' s Camp
ground and 75 m north of Farber Brook. A campground is situated between
Giordano ' s and Farber Brook.
S ituated approximately 50 m northwest of the mouth of Farber Brook.
upstream , an inactive poultry barn is located southeast of the brook.

Further

Located in a major cove at the southern tip of Pattee Pond. This site w as chosen to
compare the effects of the two marshes on the water quality of the pond. Residential
development exists on both the east and west shores of the open end of the cove.
Located near the mouth o f Bellows Stream, southwest shore o f Pattee Pond. The
stream runs through a marsh before entering the lake.
Represented the most concentrated residential area on the western shoreline of the
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0-Northeast Inflow
I -Lake Center
2-Giordano's Campground
3-Farber Inflow
4-South Marsh
5-Bellows Inflow
6-Developed Shore
7 -West Woods
8-North Marsh
9-Camp Caribou
I O-Pattee Pond Outflow
I I -Pattee Pond Outlet

'

1

j
{

(inland)

I 2-Farber Brook Inland
1 3-Bellows Stream Inland
I 5-Nonheast Inlet

I

I

f )

I .

)

Fig. 3 . Water quality sampling sites selected for Pattee Pon� Winslow, ME
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pond. The slope was fairly steep. The sampling location was about 50 m from the
shore, midway along the developed shoreline. It is lined by many homes close to the
shore with docks and boats. The site was chosen to measure the potential impact of
a densely developed residential area on water quality.
S ITE 7:
SITE 8:
SITE 9:

Located along the northwestern shoreline, below the North Marsh. The shoreline
represented the least developed area.
Situated approximately 25 m from the north marsh shoreline. The sampling site is
located in a major cove at the north end of Pattee Pond west of Camp Caribou.
Located approximately 50 m from the shoreline and southeast of Camp Caribou. The
sampling site was adjacent to the camp ' s tennis courts .

S ITE 10: Located approximately 50 m from the outflow of Pattee Pond in the northeast area.
Marsh areas are adjacent to either side of the outflow.
SITE 1 1 : Located off Albion Road. Pattee Pond Brook extends through a m arsh area after
leaving the pond. S amples were collected from the south side of the bridge that span s
the brook o n Albion Road.
SITE 1 2 : Located off Pond Road. Farber Brook flows past Giordano ' s Campground and Bottle
Club. S amples were taken approximately 1 00 m west of the culvert that spans Pond
Road. An inactive poultry farm is located farther upstream .
S ITE 1 3 : Located off Route 1 37 . Samples were taken on the north side of Route 1 37
approximately 50 m downstream from the bridge . There is a landfill south of Bellows
Stream on Palmer Road. The old Winslow dump is 4 1 0 feet above the stream , and
could greatly affect the water quality of the tributary. Bellow s S tream winds through
a m arsh before it enters Pattee Pond.
SITE 1 5 : Located on the eastern shore , off Pond Road. I t runs parallel with Fire Road #7 ,
flowing past a marsh j ust before entering the pond. The N onheast Inlet is joined by
an emerging stream , which resembles a channel, and runs perpendicular to the
tributary. Sampling occurred approximately four feet from where the brook comes
into closest proximity to the fire road.

Water Oualjty Methodoloey
S ampling at the test sites was performed 28 Sep 92, 5 Oct 92, 1 2 Oct 92, and 28 Oct 9 2 ( Appendix
A). Sampling times were consistent throughout these dates , with all sampling being done between 2 :005 :00 p.m. S amples taken from the top of the water column at a given site were labeled with "T" while
those taken from the bottom of the water column were labeled with "B".

S amples taken at the top of
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the water column were collected 0.5 meter below the surface and samples taken from the bottom of the
water column were collected 0.5 meter from the bottom with the exception of those sites too shallow for
stratified samplings. At thtse shallow sites, samples were taken at mid-depth . Bottom samples were
taken with an Alpha-style water sampler. All samples were transferred to washed, hydrochloric (HCl )
rinsed, and distilled water-rinsed polyethylene or glass storage bottles and treated appropriately. All
containers were iced on site (4 ° C) and transported to the laboratory within three hours from the time the
first s ample was s ecured. Quality assurance measures are described in Appendix B .

Pattee Pond Water Oyal ity

On-Site Tests
Depth

Methods and Rationale
The depth at the various sites was measured by lowering a tape measure with a weight attached
until it touched the bottom and by using an electronic depth finder.

Results and Discussion
Depth measurements for the various sites are given in Table 4. It was not possible to sample at
exactly the same location on each day. Therefore, there was slight variation between sampling days .

Secchi Disk

Methods and Rationale
Turbidity in the water col umn was measured by

a

Secchi disk. The disk was lowered from the

surface to the depth at which it just disappeared (Appendix B) and this depth was recorded. Transparency
in Maine lakes usually ranges from 3-7 meters . A reading of less than 2 meters usually indicates a water
quality problem that results in an algal bloom or could signify a dystrophic lake (Pearsall 1 99 1 ) .
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Table 4. Depth measurements taken at sites on Pattee Pond on various
sampling days.

Deotb

Site #

28 Sept 92

5 Oct 92

*1

6.7

7 .6

2

2.4

1 .7

3

1 .5

4

1 .2

5

1 .1

6

5.8

7

2.5

8

4.3

9

1 .7

2.5

10

1 .05

1 .0

6.7

* Site 1 depth measured on 28 Oct 92 to be 7 . 3 m

Results and Discussion
Secchi disk measurements were taken on 28 Sep 92 at Sites 1 , 2, and 6. All other sites were too
shallow for readings to be taken. The mean Secchi disk reading for the three sites was 1 .9 m. The lowest
transparencies were at Sites 2 and 6 ( 1 .7 meters and 1 .9 meters respectively), with the greatest
transparency at Site 1 (2.0 meters). Our reading for Site I is slightly lower than the MDEP readings taken
at the same site in previous years (Fig. 4) (Maine Dept. of Environmental Protection 1 992c). The lower
transparency reading taken during the curre nt study could be because the MDEP data are averages of all
the readings taken throughout each summer, whereas our value is taken on one day at the end of the
summer. It is also possible that a fall bloom occurred. A study done during the early 1 970' s indicates
that Secchi disk readings for Pattee Pond vary seasonally. An average reading of 1 .9 m was found during
the sampling period from late September to early October, while the mean for the year was 2.6 m (Davis
et al. 1 97 8).
Secchi disk transparency trends are good indicators of water quality trends. Readings of les s than
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4 m generally m e an that the water is productive, w hile values above 7 m indicate unproductive waters .
Intermediate re adings would mean moderately productive water. If the reading is le ss than 2 m , the water
quality is considered poor, and algal bloom s could occur (Pearsall 1 99 1 ) . Following these guidelines ,
our average readin g of 1 .9 m would indicate poor water quality.
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Fig. 4. Mean S ecchi disk transparency over time collected by the MDEP. The
value from 1 99 2 represents one measurement taken at S ite 1 on 28 S ept 92
during the present study.

Dissolved Oxy�en and Temperature
Methods and Rationale
Dissolved oxygen (DO) is a meas ure of the amount of oxygen in the w ater, and thus the amount
available to fish populations . High DO levels indicate a healthy lake. If levels are below 5 ppm , stress
is p ut on fish and other organisms . DO concentrations less than 2 ppm c an lead to internal recycling of
phosphorus from the bottom s ediments.

D is solved oxygen levels

are

directly influenced by the

temperature of the water. Cold water c an hold a higher concentration of oxygen than warm water. Thu s ,
the temperature o f the water also affects the biota o f the pond (Pearsall 1 99 1 ) .
Dissolved oxygen and temperature profiles were done at the deep site s , with readings taken e very
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meter. DO levels were measured electrochemically using a dissolved oxygen probe with Clark-type
polarographic electrodes . Temperature was recorded on the same DO/femperature meter.

Results and Discussion

In our study, dissolved oxygen (DO) and temperature readings were taken at Sites 1 - 1 0 on 28 Sep
92 (Fig. 5 ) and again at the center (Site 1 ) and north marsh (Site 8 ) on 28 Oct 92. As expected, when the

water temperature decreased as the season progressed, the DO levels increased (Fig. 6). It can also be
seen that Pattee Pond was not stratified during the late summer and early fall, and oxygen depletion was
not observed. Both the temperature and DO readings remain fairly constant over the depth of the pond
and among sites, except at site 8 , where oxygen depletion was evident at the bottom on the first day of
testing. The :MDEP ( 1 992c) data agree with our data for early fall, but also show that there is oxygen
depletion during the late summer months. Results similar to 1 989 were found in 1 987 , with oxygen
concentrations of less than 1 ppm at the deepest two meters. By September the levels had again become
constant . A study done on Pattee Pond in the early 1 970' s also revealed there is temperature stratification
and oxygen depletion during the summer months. Yet by early fall these values were constant with depth
(Davis et al. 1 97 8). These other studies could indicate that fall mixing of the lake occurs during the early
part of September. Because Pattee Pond is a_ relatively shallow lake, it is less susceptible to temperature
stratification common to deeper lakes in Maine. Therefore, warmer temperatures are found at the bottom
of the pond, which can contribute to oxygen depletion.
Dissolved oxygen and temperature readings were taken at the tributary sites ( 1 1 , 1 2 , 1 3) on 5 Oct
92 and at Site 1 5 on 1 2 Oct 92. Dissolved oxygen values at Sites 1 2 , 1 3 , and 1 5 were relatively stable,

ranging from 9.0 to 9.5. Site 1 1 , however, had a lower DO concentration range (7 .8-8.4) . At the time
of measurement, there was little to no flow at Site 1 1 and the reduced DO concentration there could have
been due to bacterial activity on dead plant material (see Biotic Analysis). At the other sites, there were
greater flow rates that allowed more aeration of water. Temperature readings taken on 5 Oct 9 2 revealed
relatively low readings ( 8 . 1 - 1 3.2°C) compared to the lake values. The tributary values might have been
due to the previous week's very cold weather. Site 1 3 had the lowest temperature reading and Site 1 5
the highest. During the week of 1 2 Oct 92, it had rained and was warm, possibly accounting for the higher

Page 29

12

1z

10

10

8

8

6

6

4

4

2

z

20
18
16
14
12
10
8
6
4
2

zO
18
16
14
1z
10
8
6
4
z

_,

�

�
"'"°'
�

�

Fig. 5 . Dissolved oxygen and temperature profiles of Pattee Pond for September and
October of 1 992.

Biology 493 : Pattee Pond Report

-.,

�
�

�

�
c
�

�
"Q
�
·�
�

29 Aug 89

o -------

0

1
2

28 Sept 89
-------.

1
2

53

53

.._.,

:3 4

.._.,

:3 4

c.

c.

Q5

Q5

6

6

7

7

8 �"T"T"'!-r-T-TT-r�r-r-M�-r-r-T""T""T""T-r-1
0
5 10 15 20 25

8 --t-r-"T"'T"T-r-r-T"'T"tll!'-,-,..,....,...�-r-r-r-T'9T""T""T"1
5 10 15 20 25
0

DO (ppm) and Temp (C)

uO (ppm) and Temp (C)

28 Sept 92
0 -.---�--��---.

0

1
2

1
2

53

53

.._.,

:3 4

28 Oct 92
----�----�---.

.._.,

:3 4

c.

c.

Q5

Q5

6

6

7

7

8 -t-r-"'l""P"'t---�---,...,.."T""T"I.....,_.
5 10 15 20 25
0

8 -t-r-"T"'T"T""T"'T""T""iml��.,....,...,._...,..,--r-t
5 10 15 20 25
0

DO (ppm) and Temp (C)

DO (ppm) and Temp (C)

•

Dissolved Oxygen

•

Temperature

Fig. 6. Dissolved Oxygen and temperature profiles of Pattee Pond taken at S ite 1 by the MDEP in
August and September of 1 989 and the present study for September and October of 1 992.

Page 3 1

temperature reading.

1U!
Methods and Rationale
The negative log of the concentration of hydrogen ions is known as the pH. A pH of 7 is
considered neutral. A value less than 7 means that the water is acidic, while a reading greater than seven
indicates that the water is basic. The pH of Maine ' s lakes generally falls in the 6. 1 -6.8 range (Pearsall
1 99 1 ) . The pH was recorded with an Accumet portable pH meter with combination electrode.

Results and Discussion
The pH of Pattee Pond was measured at each site on either 28 Sep 92, 1 2 Oct 92, or both days,
with readings taken at both the top and bottom for deep sites. Values ranged from a pH of 7 .5 1 to 8.09
for those sites tested on the lake body, with a mean of 7 . 82 (Table 5 ) . Readings were fairly consistent
from top to bottom, and among the various sites. The pH at the center of the pond (Site IT) was found
to be 7 .7 3 on both days . When this value is compared to the data from the :MDEP ( 1 992c) for the same
site, an increasing pH value trend is seen (Fig. 7 ) . :MDEP testing for pH has not been conducted every
year, so the increase may not have been steady. Our testing was also only done on two days in the fall,
whereas MDEP data represent annual averages . The study conducted in the early 1 970 ' s also showed
a high pH, with a mean of 7 . 8 , and a range of 6.4 to 9. 1 (Davis et al. 1 97 8 ) . In 1 980, however, the mean
pH was determined to be 6.72, with a range of 6.5 1 to 6. 8 8 (Bulford et al. 1 980) . Testing for the latter
study was done in the early fall, as was our current study.
The pH of Pattee Pond is higher than the average for Maine lakes of 6. 1 -6.8 (Pearsall 1 99 1 ). A
high pH of a lake can lead to chemical processes that affect the amount of available phosphorus by
inhibiting the release of phosphorus bound to iron and hydroxides in the sediments . Aquatic plants can
influence the pH of a lake in such a way that as photosynthesis occurs throughout the day, the pH can
increase as much as 3 units (Riemer 1 984). Therefore, the time of day that the s ampling was done m ay
also have an impact on the results . All of our s ampling was done during mid to late afternoon.
Measurements of pH for the tributaries taken 5 Oct 92 showed a range between 6.5 and 7 . 3 5
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Table 5 . pH values measured at various lake and tributary sites on
28 Sep 92 and 5 Oct 92. Two values indicate a top (T) and bottom
(B) reading at that sampling site.
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Fig. 7. Pattee Pond mean pH measurements taken by the MDEP for various
years. Value for 1 992 represents mean of data taken on 28 Sept 92 and 5 Oct

92 at Site 1 during the present study.
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(Table 5 ) . The mean pH for the tributaries was 6.89, which was lower than the 1 992 lake mean value
of 7 .82. This lower pH was expected because streams are open, lotic system s. The energy that enters
a stream in the form of litterfall decomposes and releases tannic acid contributing to a lower pH. The
flow of a stream continuously carries these tannins and lignins downstream , creating an acidic system .
All the tributaries, except Site 1 2, flow through or alongside a marsh as they enter the lake . Sediments,
precipitation, decomposed plant material from the marsh, and nearby residential and/or recreational
areas may also contribute to a lower pH.
Bellow ' s Stream (Site 1 3) , which is adjacent to the landfill, had a pH reading of 6.72 . If leachate
is being generated from the landfill, it does not seem to be affecting the pH, since the tributary val ue was
not significantly less from the lake mean. Further tests would be needed to determine other possible
leachate effects.

Laboratory Tests
Nitrates/Nitrites

Methods and Rationale
Nitrate is a nutrient significant to algal growth in lakes.

Agricultural practices and urban

development contribute to high levels of nitrates/nitrites in lake water (Gordon, pers . comm.). The Hach
DR/3000 spectrophotometer was used for sample analysis. A modification of the Cadmium Reduction
Method, designed for a range of 0-0.50 mg/l, was used (American Public Health Association 1 9 89).

Results and Discussion
The nitrate/nitrite results showed low amounts of the nutrients during our sample period (Fig.
8). No comparisons to recent Pattee Pond studies can be made because the MDEP does not sample for
nitrates/nitrites . In most Maine lakes, lowest values for inorganic fixed nitrogen are usually found in mid
or late summer (Davis et al. 1 97 8 ) . Davis et al. ( 1 978) found that Pattee Pond, during the winter, could
be labelled as an oligomesotrophic lake due to the amount of inorganic fixed nitrogen (ammonia and
nitrates) in surface waters . The sites located at the tributaries were higher in nitrates/nitrites than the sites
located on the pond body (Fig. 9). Agricultural and septic run-off within the watershed may contribute
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to higher levels of nitrate s/nitrites in the tributaries leading to Pattee Pond.
Total Phosphorus

Methods and Rationale
Phosphorus, the primary limiting nutrient in algal growth, is a significant factor in the
eutrophication of lakes. Containers used in the collection of samples were 1 25 ml polymethylpentene

(PMP) flasks. The PMP flasks were used because they are unbreakable and they c an be autoclaved.
S amples c an be kept in the PMP flasks from the time of collection through diges tion and until final
analysis. Flasks were acid rinsed, then rinsed with E-pure water before use. S ample analyses were done
using the A scorbic Acid Method with a modification of sample digestion following the procedure of
Hunt and Elvin ( 1 992), as suggested by the MDEP (American Public Health As sociation 1 989).

Results and Discussion
The mean total phosphorus concentration for s amples taken at the surface of the pond s ites in
September and October 1 992 was 7 . 93 ppb. At the bottom , the mean for all s amples w as 9 . 69 ppb. V alues
ranged from 0 ppb to 22 ppb (Fig. 1 0). Values of total phosphorus s amples taken at S ites 8B and 9T on
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*

The samples taken on 28 Sept 92 from Sites 8B and 9T

measured 0 ppb for total phosphorus.
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28 Sep 92 were not included in these calculations due to analysis error.
Highest levels were found at Sites 0, 1 T, and I B . Site O is located at the mouth of the Northeast
Inlet. Phosphorus levels for the Northeast Inlet were slightly lower than at the mouth of the Northeast
Inlet. Sites 1 T and I B are located approximately in the center of the pond where the depth is greatest.
It is unclear why high total phosphorus values were obtained for 0, 1T, and 1 B on individual days. Levels
at S ite 6, located on the West shore of the pond in the developed area, were high relative to the majority
of the other shoreline sites. Increased run-off from residential development including fertilizers from
lawns , detergent from washing machines , septic waste, and roofing materials, may be a significant factor
leading to higher phosphorus levels. Macrophyte concentration was also high in this area, possibly
indicating that high phosphorus levels exist. However, macrophytes may also be contributing to the
higher phosphorus levels measured in this area due to biodegradation (see Biotic Analysis) .
In most Maine lakes, total phosphorus is present in small amounts and does not contribute to poor
water quality. However, human activities can contribute large quantities of total phosphorus that can
expedite plant production and algal blooms. Total phosphorus values that exceed 1 5 ppb are considered
sufficient to support algal blooms, which may severely reduce transparency of aquatic ecosystems
(Pearsall 1 99 1 ).
Mean total phosphorus levels from the year-round MDEP studies in Pattee Pond between 1 972
and 1 989 ranged from 15 ppb to 3 3 ppb (Maine Dept. of Environmental Protection 1 992c) , the latter level
being harmful to the ecological health of the pond (Pearsall 1 99 1 ). Since 1 986, total phosphorus levels
have steadily declined (Fig. 1 1 ).

Total phosphorus means at Site 1 , which were the highest levels

recorded for Pattee Pond in 1 992, were lower than the MDEP ' s past results : 1 0.69 ppb at the surface,
and 1 2.5 ppb at the bottom . Lakes with this level of total phosphorus are characterized by the MDEP
as moderately productive, which means that the overall water quality is fair (Pearsall 1 99 1 ). If levels
continue to decline as they have been, values of 6 ppb or less could be reached, which would signify an
unproductive lake or one with high water quality (Pearsall 1 99 1 ). However, our sampling was done in
the fall when phosphorus values are usually reduced (Davis et al. 1 97 8). Therefore the decline in
phosphorus levels may be due to seasonal variation as opposed to an improvement in water quality. The
Davis et al. ( 1 97 8 ) year-round study indicated that Pattee Pond fell within the low me soeutrophic range
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Fig. 1 1 . Pattee Pond mean total phosphorus ( epi core) measurements in ppb taken
by the MDEP from 1 977, 1 979, 1 98 1 , and 1 984- 1 989.

( 1 0-30 ppb ) due to total phosphorus levels.
The mean for total phosphorus samples taken at the tributaries in October 1 992 was 1 1 . 6 1 ppb .
Values ranged from 3 . 3 ppb to 1 7 . 7 ppb (Fig. 1 2) . The highest values were found at Sites 1 2 and 1 3 , which
were higher than at the mouths of the respective inlet stream s . These levels agree with the Davis et al .
( 1 97 8 ) findings of Pattee Pond inlets. In most cases , total phosphorus concentrations in the inlet stream s
were much greater than in the lake body. Run-off from residential and recreational development could
contribute to the increased phosphorus levels around Site 1 2. Potential sources of run-off include Pond
Road, which spans the tributary, and the two fire roads on both sides of the tributary. Pond Road h as an
underlying culvert that channels the water. Giordano ' s Campground may also contribute to phosphorus
loading into the lake through run-off.
At Site 1 3 , Bellow s Stream flow s past a landfill. If leachate is seeping from the landfill, it does
not seem to be affecting the phosphoru s level . The mean value is not significantly higher than the other
tributary mean values.
Site 1 1 had the lowest total phosphorus level (3 . 3) of all the tributaries , much lower than most
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Fig. 1 2. Total phosphorus (ppb) measured at Pattee Pond tributaries
during the fall 1 992.

of the lake values that ranged from 0-22 ppb. This may be due to a backflushing of Pattee Pond Brook
during periods of rainfall. However, it is not clear why the phophorus level was so low here .
In general, the storage capacity of a marsh tends to reduce the fluctuation of the stream flow
(Hasler 1 975), which may also reduce phosphorus.

In addition to trapping sediments to which

phosphorus is bound, the marsh also acts as a sink for phosphorus and other nutrients. Therefore,
nutrients that enter the marsh are taken up by macrophytes and are generally reduced to a lower
concentration (Hasler 197 5 ) . According to Davis et al . ( 1 97 8), there is no definite indication of a seasonal
pattern occurring for Pattee Pond tributarie s.
It is also unclear as to why Site 1 5 had such a low value compared to the mouth of the tributary,
even though the fire road runs parallel approximately four feet from the stream . A possible reason may
be that water reaching the stream is running off from the surrounding forested area.

Ammonia

Methods and Rationale
Ammonia is a primary form of nitrogen in aquatic ecosystems and can be a limiting nutrient in
plant growth. Ammonia can result from the breakdown of nitrogen sources, s uch as untreated raw
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sewage, by b acteria. High concentrations of ammonia in aquatic ecosystems contribute to nutrient
overload, which may increase the rate of eutrophication. In our sample analysis, the Wescan Model 3 60
Ammonia Analyzer was used.

Results and Discussion

At Site OT, the concentration of ammonia was between 1 -2 ppm, and at Sites 7T and l OT, the
concentrations were around 1 ppm. The concentrations at all other sites were negligible or zero. Since
ammonia is not considered a problem in most Maine lakes, these values are reasonable (Pearsall 1 99 1 ) .
According to Davis et al. ( 1 978), a major portion of inorganic fixed nitrogen is usually found in
the form of ammonia. Davis et al. ( 1 97 8 ) measured inorganic fixed nitrogen levels in Pattee Pond to be
within 200-400 ppb and categorized the lake as oligomesotrophic . These samples , however, were taken
during the winter when inorganic fixed nitrogen tends to be the highest (Davis et al. 1 978). A dramatic
drop is found during the spring ovenurn. Levels continue to decline throughout the summer, although
more slowly than in the spring. Levels are generally lowest in the mid to late summer (Davis et al. 1 97 8 ) .
Therefore, the low ammonia levels found in our study may b e a result of this seasonal v ariation.
Most of our values fall within the definition of safe levels of ammonia, which is a concentration
less than 1 ppm . A concentration higher than 2.5 ppm is considered to be harmful to an aquatic ecosystem
(Reid 1 96 1 ). According to these standards, Pattee Pond does not appear to have an ammonia problem.

Color
Methods and Rationale

The presence of color in lakes and streams may be attributed to natural metallic ions (iron and
m anganese), m acrophytes, plankton, soil materials, and industrial wastes (American Public Health
Association 1 989). Tannins occuning from plant degradation may also contribute to color in lakes
(American Public Health Association 1 989). Color is not associated with algal production, but it can
cause total phosphorus values to increase as the reduced transparency readings m ay limit m acrophyte
growth. In our study, the APHA Platinum-Cobalt Standard was used in the Hach 3000 Spectrophotom-

Biology 493 : Pattee Pond Report

eter Method of color analysis.

Results and D iscussion

In all the sites on the pond, color was consistently low and would be considered "uncolored" since
the readings were less than 25 standard platinum units (SPU) (Pearsall 1 99 1 ). Two sites (0, 3T) had
slightly higher readings than the other sites, but were still less than 25 SPU (Fig. 1 3). These sites were
located at the mouths of inlets whose tributaries were a "tea" color and whose values read above 25 SPU .
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Fig. 1 3. Color (SPU) measured at Pattee Pond during the fall
1 992.

Lakes having a color value of 26 SPU or greater are considered "colored" (Pearsall 1 99 1 ).
Historically, Pattee Pond has had mean color readings ranging from 30 to 50 SPU (Fig. 1 4) (Maine Dept.
of Environmental Protection l 992c). These data indicate a colored lake that consequently may increase
in total phosphorus values over time. Davis et al. ( 1 978) observed "noticeably yellow" water in Pattee
Pond. They characterized Pattee Pond as being "slightly more colored" than other Maine lakes with color
values ranging from 25 to 77 SPU, and a mean value of 46 SPU. The decreased color levels found during
our study indicate a possible improvement in the water quality of Pattee Pond.
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Fig. 1 4. Pattee Pond mean color measurements in SPU taken by the MDEP in
1 979, 1 9 8 5 - 1 9 89.

Color was higher in the tributaries than the lake body, with values ranging from 53 to 100 SPU
(Fig. 1 5 ) . Color at S ite 1 5 was tested 1 2 Oct 92 after four days of rain, which may have contributed to
the high color by allowing mixing of decomposed dead plant material. Bogs and marshes release organic
acids such as tan nins and lignins from decaying vegetation, impaning a tea color to the water (Pearsall
1 99 1 ) . This occurs particularly at the end of the growing season each fall, a period of low flow from the
marsh (Davis et al. 1 97 8 ) . Because marshes act as a sink to trap sediments and nutrients, seasonal
variation (e .g. precipitation) will affect transpon of paniculates and other suspended material down the
tributaries.

Conductivity

Methods and Rationale
Conductivity is a measure of the ability of an aqueous solution to carry electrical c urrent. It relates
directly to the presence of charged panicles (dis solved ions) in water (Pearsall 1 99 1 ) . Conductivity was
meas ured with the YSI Model 3 1 A Conductance Bridge .
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Fig. 1 5 . Color (SPU) measured at Pattee Pond tributaries during the fall 1 992. Samples

from Sites 1 1 - 1 3 were taken on 5 Oct 92. The Site 15 sample was taken on 1 2 Oct 92.

Results and Discussion
The conductivity measurements taken at all the pond sites (Sites 0- 1 0) were low and ranged from
1 5 .00 to 1 8 .75 µmhos/cm (Fig. 1 6). The values for most Maine lakes are generally low, ranging from
20 µmhos/cm to 40 µmhos/cm (Pearsall 1 99 1 ).
Historically, Pattee Pond' s conductivity values are high (Maine Dept. of Environmental
Protection 1 992c) and do not fall within Pearsall 's definition of a "clean lake" (Fig. 1 7). High levels of
conductivity are consistent with increasing amounts of sediment, nutrients , and algae in the water column
(Pearsall 1 99 1 ). Davis et al. ( 1 978) measured conductance to be 65-78 µmhos/cm at 25 ° C. The
noticeable decrease in conductivity between past studies and our own indicates a possible improvement
in the water quality.
Measurements of conductivity in the streams were much lower than those for the lake. Site 1 5
exhibited the lowest level, with 8.2 µmhos/cm , while the value for Site 1 1 was 1 2.50 µmhos/cm (Fig.
1 8). The mean for all the tributary sites was 1 0. 1 75 µmhos/cm . In Davis et al. ' s study ( 1 97 8 ) , in most
cases, the concentration re adings at inlets were greater than at open lake surface waters . High
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Fig. 1 6. Conductivity (µ MHOS /c m ) measured at Pattee Pond
during the fall 1 992.

1979

1985

1986

Year

1987

1989

Fig. 1 7 . Pattee Pond mean conductivity measurements in µ MHOS/cm taken by the
MDEP from 1 979, 1 985- 1 987, and 1 989.
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Fig. 1 � . Conductivity (µ l\1HOS/cm) measured at Pattee Pond tributaries durin g
the fall 1 992. S amples from Sites 1 1 - 1 3 samples were taken on 5 Oct 92. The
Site 1 5 sample was taken on 1 2 Oct 92.
conductivity of streams and lake surface water could increase during a rainstorm because of possible
increase in run-off sedimentation. Inlet concentrations would be higher since charged particles from
soils and marshes are continuously being washed into the stream. Readings are lower in lakes because
they can act as dilution basins for cations. This dilution occurs when the precipitation falling on the lake
has a lower concentration of cations than the inlet waters (Davis et al. 1 978). A possible reason for our
results may be that the samples were taken at the sites following periods of abundant rainfall . Dilution
from previous rains may explain why values were lower at the tributaries than the lake.

Hardness
Methods and Rationale

Total hardness is a measure of the sum of the concentrations of divalent cations, such as calcium
and magnesium, in aquatic ecosystems. It is expressed in terms of calcium carbonate in mg/l for both
calcium and magnesium (American Public Health Association 1 989). Hardness in water may be caused
naturally by the accumulation of salts from soil contact and geological formations, or it m ay be a result
of direct pollution by industries. Analysis was performed following the Hach titration method adapted
from the EDTA Titrimetric Method (American Public Health Association 1 989) .
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Results and Discussion

The measurements of hardness were low at the pond sites relative to the tributary site s .
Measurements ranged from 29.9 mg/l to 3 1 .6 m g/l (Fig. 1 9). N o patterns relating to site location i n Sites
O through IO could be identified. Davis et al. ( 1 978) found calcium levels ranging from 6.60 ppm to 1 1 . 80
ppm and magnesium levels ranging from 1 .26 ppm to 2.43 ppm in Pattee Pond.
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Fig. 1 9. Hardness (mg/l) measured at Pattee Pond during the fall
1 992.
Hardness values ranging from 0 mg/I to 60 mg/I are considered to be "soft" (U . S . Dep arun ent of
the Interior 1 989). The growth of fish is often limited by the hardness of water (The Resources Agency
of Califomia- State Water Quality Control Board 1 963) , and therefore the soft water ofPattee Pond might
be conducive to fish growth. However, soft water may also increase the sensitivity of fish to toxic metals
such as titanium , lead, and copper salts (The Resources Agency of California-State Water Quality
Control Board 1 963). Although the softness of Pattee Pond water may signify that contamination in the
form of calcium and magnesium is not yet a problem for the pond, the increase in Pattee Pond ' s hardness

levels over time m ay indicate a decrease in the water quality of the pond.
For the tributaries, hardness measurements were quite high, ranging from 55-83 mg/I with
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Bellows Stream (Site 1 3) having the highest value (Fig. 20). In the Davis et al. ( 1 978) study, calcium
cations were found to dominate in inlet streams. Hardness values may be affected by soil characteristics.
For example, the permeability of different soils could account for the high calcium/magnesium values
(see Soil analysis). At Site 1 2, the soil is categorized as having moderately low permeability. Further
east of our study site, the soil becomes moderately high in permeability. This may allow the cations to
leach more quickly into the stream. The soil at Site 1 1 demonstrates low permeability, indicating a clay
layer that restricts water movement by binding cations on the surface of clay particles. The surrounding
marsh is flat and waterlogged due to the saturated area and exhibits a slow flow rate. Therefore the cations
may remain in the waterlogged area. The sample site on Bellows Stream (Site 1 3) is in an area of
moderately high permeability and a transition into low permeability occurs further downstream . The
landfill is also categorized as having moderately high soil permeability. A landfill that produces leachate
could possibly induce harmful effects on water quality such as increased hardness (Doss, pers . comm.).
If this particular landfill near Bellows Stream is generating leachate, it could be affecting hardness

concentrations.
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Fig. 20. Hardness (mg/I) measured at Pattee Pond tributaries during the fall 1 992.
Samples from Sites 1 1 - 1 3 were taken on 5 Oct 92. The Site 1 5 sample was taken on 1 2
Oct 92.
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Residence time of water wi thin the soil influence the levels of dissolved solids (e.g., ea++ and
Mg++) (Davis et al. 1 978). As flow declines, dissolved solids will rise as water remains in contact longer
with the soil or bed rock (Davis et al. 1 97 8). However, the soil concentrations of Ca++ and Mg++ may
vary in distribution in the different soil types .

Biotic Analysis
Chlorophyll a
Methods and Rationale

Chlorophyll a is used as an indicator of the algal and cyanobacterial biomass present in the water
column. The average range in Maine lakes is 2 to 8 ppb (Pearsall 1 99 1 ) . Values of chlorophyll a over
30 ppb suggest an algal bloom . Measurements for chlorophyll a were taken at Sites 1 and 6 on 28 Sep

92. The tests were conducted at Northeast Labs in Winslow, Maine.

Results and Discussion

The uncorrected values for the chlorophyll samples taken at Sites 1 and 6 were 9 .6 ppb and 8 .6
ppb respectively. The corrected data for these samples, which exclude all chlorophyll pigments except
for chlorophyll

a,

were 8 .6 ppb at Site 1 and 7 .9 ppb at Site 6.

The corrected value is used as the indicator of algal production in a water body. The MDEP
standards (Table 6) reveal that a chlorophyll a range of7 .9-8.6 ppb categorizes Pattee Pond as productive.

Table 6. MDEP standards for chlorophyll.a in Maine Lakes.*

Classification
Algal Bloom

ppb
�30

Productive Lake Body

>7

Moderately Productive Lake Body

2-7

Unproductive Lake Body

<2

Average Range for Maine Lakes

2-8

* (Pearsall 1 99 1 )
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Therefore, in September the pond was slightly above the average for Maine lakes but significantly below

the standard value of 30 ppb required for an algal bloom. Furthermore, the :MDEP recorded higher ye f

round values of mean chlorophyll .a. during the years 1978, 1 979, 1 98 1 , 1 982, 1 984- 1 987 than those found
in the current study. The only two years the MDEP recorded mean values that were lower than the 1 992

mean were 1 98 8 at 6.6 ppb, and 1 989 yielding 7 .5 ppb (Table 7) (Maine Dept. of Environmental
Protection 1 992c ). The MDEP did not report the time of year that the samples were taken and there was
a great range of chlorophyll .a concentrations listed. Because our 1 992 data were higher than the last two
Table 7 . Mean of year-round sampling of chlorophyll a by MDEP at Pattee Pond from
most years between 1978 and 1989; includes data from 28 Sept 92 survey.

Year
1 978
1 979
1 98 1
1 982
1 984
1 985
1 986
1 987
1 988
1 989
1 992*

Minimum

Maximum

Mean

(ppb)

(ppb)

(ppb)

1 4.3
1 3 .4
4.2
8.5
1 2.4
5.6
6.0
8.6
2.6
3.6
7.9

1 4.3
1 3.4
20.2
8.7
1 2.7
1 8.7
2 1 .2
20.5
1 1.1
1 2.3
8.6

1 4.3
1 3.4
8.5
8.6
1 2.6
1 3.0
1 3.5
1 1 .6
6.6
7 .5
8.25

Range

0.0
0.0
1 6.0
0.2
0.3
1 3. 1
1 5.2
1 1 .9
8 .5
8 .7
0.7

• Represents two samples taken 28 Sept 92.
years sampled by the MDEP, it is possible that there is an increasing trend (Fig. 2 1 ).
It is important to consider that chlorophyll

a

concentrations in Pattee Pond were consistently

higher in the summer than any other season (Davis et al. 1 97 8). Therefore, our 1 992 data and the previous
data may not be directly comparable, because of differences in sampling dates, but the value would be
a conservative one.

Coliform
Methods and Rationale

Fecal coliform count is an international measurement indicative of the pollution of aquatic

Page 49

16
14
� 12
&J
c..

E: 10
=
-

�
c..
Q
...

Q
.c:
-

u

8
6
4
2
0
1978 1979 1981 1982 1984 1985 1986 1987 1988 1989 1992
Year
Fig . 2 1 . Mean year-round chorophyll .a collected by MDEP. The value from 1992 represents data
taken on 28 Sept for the present study.

ecos ystems by the fecal waste of warm blooded animals. The coliform bacteria survive in the water only
slightly longer than the pathogens , and disappear rapidly after the disappearance of fecal wastes. The
presence of fecal matter can lead to the transmission of water-borne disease, and the eventual
eutrophication of aquatic systems (Seeley et al. 1 99 1 ) .
After studying topographic maps o f Pattee Pond and field reconnais sance on 1 4 S ep 92, fourteen
sites were chosen around the pond for fecal coliform testing. The sites were chosen based on their
proximity to possible fecal coliform sources. Testing was carried out on 28 Sep 92 for the 1 0 lake sites
and on 5 Oct 92 for the tributaries and Giordano's Campground. For the lake sites (Fig. 22) , S ite 1 was
chosen as a control. Sites 2, 3a, and 6a were chosen as areas of high residential development. S ites 3
and 5 were chosen as inlets of two major streams entering the lake. Site 9 w as chosen for its proximity
to Camp Caribou. S ites 7 and 8 were chosen as natural vegetation sites. Site 1 0 was chosen to determine
if fecal coliform was entering the stream at the outflow of Pattee Pond.
Four sites were chosen for testing on 5 Oct 92. Site 2a was chosen because of an RV campground
and limited buffer zone located at Giordano' s Campground. Sites 1 2 and 1 3 were chosen as inland inflow

Biology 493 : Pattee Pond Report

1

2

2a

3

3a 4a 5a 6a
Site #

8

9

10

11

12

13

Fig. 22. Mean Fecal Coliform Count measured for Pattee Pond sites tested in late
September and early October of 1 992.

stream sites and Site 1 1 was chosen as the inland site for the Pattee Pond outflow.
Water samples were taken by surface grabs and were collected in sterile 500 ml bottles. All
samples were transported on ice and fecal coliform tests were performed following the standard
membrane filter technique (APHA 1 989).

Results and Discussion

Federal standards for fecal colifonns are most stringent for drinking water sources, and
least restrictive for recreational waters (Mitchell 1974). The primary use of Pattee Pond is of a
recreational nature, and thus it is reasonable to apply the standards for fecal coliforms for recreational
waters to the study. The maximum permissible fecal coliforms per 1 00 ml, as defined by the U . S . Water
S tandards for recreational waters, is 1 000 (Mitchell 1974) (Table 8).
Samples taken on 28 Sep 92 revealed the fecal coliform counts to be within acceptable levels,
proving them not harmful to humans at most of the sites. Site 1 , at the center of the pond, had the highest
number of coliform colonies per 1 00 ml with 1 6. Sites 3, 3a, and 1 3 showed the next highest levels with
each producing cultures of 1 0 colonies per I 00 ml. The remainder of the sites tested had fecal coliform
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Table 8 . U nited S tates Water Standards for Fecal Coliform Contamination .

Water Use

Maximum Permissible Fecal Coliform
Count per 100 ml

Municipal Drinking Water

1

Water Used for Shellfishing

70

Recreational Waters

1, ()()()

Obtained from Mitchell 1 97 4.

levels well below 1 0 colonies per 1 00 ml, rendering them below any standard of fecal contamination.
Conversation with Winslow Code Enforcement Officer Frank S tankewitz on 1 1 Nov 92 led to the
correlation of the high flushing rate (2.02 flushes/year) of Pattee Pond with a low presence of coliform
bacteria. The township of Winslow typically abstains from coliform investigations until the levels of a
water body have surpassed 1 2 colonies per 1 00 ml of water. This also reinforces that the levels found
within the Pattee Pond system generally are of inconsequential numbers.
Given that the sampling was done during early fall, the temperature of the water might have had
an influence on the presence of fecal coliform bacteria within the lake. During the fall, lakes undergo the
process of turnover, as illustrated earlier by Figure 22. During this process, the temperature of the lake
approaches a constant 3 to 1 0 OC throughout. This consistency of temperature precludes the formation
of layers within the lake, thus resulting in the absence of wann surface layers. This colder temperature
of the lake as a whole during the fall months may have resulted in a decrease of fecal coliform colonies
due to a slowing of their metabolic rate. Therefore, to ensure that the level of fecal coliforms within the
lake is indeed safe, a series of samples should be taken during the more temperate summer months.

Macrophytes
Methods and Rationale

The presence and abundance of macrophytes are used to gauge certain qualities of a lake or pond.
For instance, plants can have direct effects on the pH, the concentrations of nutrients, and the oxygen
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content of a freshwater system. In addition, macrophytes may be used to pinpoint areas of erosion and

l

run-off into lakes and ponds. Finally, aquatic plants provide habitat and food for fresh water fam a.
Species identification and the relative abundance of macrophytes inhabiting Pattee Pond was evaluated
by boat on 1 0 Oct 92. A plant species map was also constructed.

Results and D iscussion

Eight dominant species of macrophytes were identified at Pattee Pond: cattails (Typha Iatifolia),
bulrush (Scirpus validus) , pickerel weed (Pontederia cordata) , yellow pond-lily (Nuphar variegatum),
water-shield (Brasenia schreben), bushy pondweed (Najasjlexilis), pipewon (Eriocaulon septangulare),
and rush (Juncus sp .). Of these species, the most abundant were the rushes, pickerelweed, and bushy
pond weed.
Bushy pondweed, a submerged plant, was especially visible and abundant in shallow areas. The
rushes and pickerelweed, also very common at Pattee Pond, were found together along most of the
periphery of the pond (Fig. 23). Since the survey was conducted in early October, many indicator species
of plants that may also inhabit Pattee Pond might not have been observed because many aquatic plants
do not live long into the fall . The presence or absence of these species can indicate various lake and water
quality conditions because individual species are affected in different ways by conditions such as
temperature, dissolved oxygen, and acidity. Duckweed (Lemnaceae sp.) is one such indicator species.
and can act as a signal ·of eutrophication. Although wetland areas were not included in the macrophyte
survey, duckweed was observed in these areas early on in the study. This small plant is composed of tiny
fronds (rarely more than 1 0

mm

in diameter) and thrives in still water areas with high · nutrient

concentrations (Maitland 1 97 8 ) .
Nutrient concentrations of a pond or lake are greatly related to and influenced by the plants
inhabiting it. The nitrogen concentration of a freshwater system affects macrophyte vegetative growth
and the phosphorus concentration affects reproductive growth (Riemer 1 984) . The nitrogen concentra
tions of Pattee Pond during our sampling period were low (see Laboratory Tests) . When compared to
the MDEP year-round phosphorus measurements from 1 972- 1 989 , the 1 992 phosphorus concentrations

of Pattee Pond were also low (Maine Dept. of Environmental Protection l 992c ) . The phosphorus is most
-

.
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Figure 2 3. Macrophyte distribution around Pattee Pond on 12 Oct 1 992.
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likely trapped in the form of dead plant and animal tissue at the bottom of the pond. The dead material
tends to a�cumulate when there is not enough nitrogen present for the complete decomposition of
cellulose (Riemer 1984).

Because the study was conducted in early and mid fall, much of the

phytoplankton and a few of the macrophytes of Pattee Pond were probably beginning to die and collect
on the bottom. Therefore, the low levels of phosphorus recorded in 1 992 may have resulted from a
considerable percentage of phosphorus being confined to the dead phytoplankton and plants at the
bottom of the pond.

In addition to the effects oflow nitrogen levels on phosphorus, a high pH also reduces the amount
of phosphorus that is released into the water column from the sediments (Riemer 1 984 ). The low
phosphorus concentrations found in our study may in part be due to the high pH readings determined in
the current study (Appendix C) , and also reponed by the !viDEP ( 1 992c) for past years , which were
higher than the Maine average pH of 6. 1 -6.8 (Pearsall 1 99 1 ). One possible reason for the elevated
average pH for Pattee Pond is that during active photosynthesis, free COi is removed from the water
column, resulting in less carbonic acid in the water and a subsequent rise in pH . .
The oxygen concentration of lakes and ponds is also affiliated with macrophyte populations. For
example, respiration from plants could exceed photosynthesis and reduce the oxygen levels in a shallow
pond that experiences little mixing. Similarly, the oxygen supply in a weedy pond, characterized by a
solid cover of free floating plants, could be depleted after several days. This depletion is due to the fact
the water column is shaded and photosynthesis of plants within the water column is prevented (Riemer
1 984 ). Moreover, the decay of plant and animal material by bacteria also decreases oxygen levels. Low
levels of dissolved oxygen at the bottom of a lake can lead to internal recycling of phosphorus by
releasing phosphorus from the sediments and, thus, providing more phosphorus for the surface algae
(Pearsall 1 99 1 ). This scenario could apply to Site 8, a marsh are� because the bottom phosphorus and
dissolved oxygen concentrations were very low, yet the surface phosphorus concentration was compa
rable to the rest of the pond' s readings on 28 Oct 92. Furthermore, it is a relatively shallow area with
'
a limited assonment of macrophyte species, including primarily rushes along the periphery and bushy
pondweed. Because only a few macrophyte species were found at Site 8, variation in phosphorus and
dissolved oxygen levels in this area of the pond may affect the survival of other plant species.
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In moderately productive lakes, such as Pattee Pond, erosion and run-off have a profound impact
on macrophyte growth. Nutrient exchange in the water column has little effect on rooted plant growth
because plants absorb therr nutrients from the sediments (Smith 1 986) . Erosion increases the rate at
which soil enters and accumulates in lake and pond basins , thus providing aquatic plants with more soil
in which to establish themselves. Run-off can also be a source of plant nutrients in the form of domestic
sewage and fertilizer. Excessive erosion and run-off are not beneficial for macrophytes because they
increase turbidity and prevent the light necessary for photosynthesis from penetrating through the water
column (Riemer 1 984 ) . The land adjacent to Pattee Pond' s western side is primarily composed of soils
of the Hollis series, w hich is moderately permeable. The western side has a steep slope leading into the
pond as well. Theref�re, the large concentration of macrophytes on the western shore may indicate a
large amount of run-off (Fig. 23).
Dense populations of aquatic plants may also catch sediment from inflows and run-off thus
accelerating the fill -in rate of the lake or pond. One explanation of this sediment accumulation is electric
charges on the surface of clay particles are negative and the surfaces of aquatic plants have positive
charges , which results in an attraction between the sediment and plant (Riemer 1 9 84) . The sparse and
separated groupings of macrophytes on the eastern shore of Panee Pond could be a result of such
sedimentation due to run-off. The soil on this side of the pond is mainly S cantic and Biddeford, which
are rocky and impermeable (see S oils). Thus, when there is not a proper buffer zone, sediments can wash
into the pond and give plants a growth medium. These plants also alter their own environment by
catching sediments from the run-off and depositing them as a growth medium. A s a result, plant
populations on the eastern shore are most apparent in areas where there are roads leading directly to the
pond (such as S ite 3) and properties with little buffer vegetation to inhibit run-off.

Quantitative Water Measurements and Calculati ons

Flow Pattern and Rate of Tri butaries
Methods
Flow rate measurements were taken at four different sampling sites, represented by each of the
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main tributaries: Pattee Pond Brook (Site 1 1), Farber Brook (Site 1 2), Bellows Stream (Site 1 3), and the
Northeast Inlet (Site 1 5). Two flow rates were taken at Site 15, after discovering another significant flow
merging at a 90° angle with the Northeast Inlet, approximately 20 ft from the first measurement site. The
additional flow of this inlet was taken into account when calculating the flow rate for Site 1 5 . Sites 12,
1 3 and 1 5 were chosen to represent the amount of water flowing into Pattee Pond. Measurements taken
at Site 1 1 were used to determine the amount of water leaving Pattee Pond.
When the current was sufficient, a flow meter (Swoffer Instrument 2 1 00L) was used to measure
the velocity of the stream. The flow meter was calibrated with standard calibration techniques before
use in the field. A tape measure was stretched across the width of the tributary and flow measurements
were taken along the transect at approximately 1 -foot intervals , mid-depth within the water column.
Depth readings were also taken at each 1 -foot interval. The total width of each tributary at the point of
analysis was also recorded. Use of the flow meter was attempted 5 Oct 92, but velocity was not fast
enough to get readings. Adequate flow allowed measurements to be taken with the flow meter at all
inflow sites ( 1 2, 1 3, 1 5 ) on 26 Oct 92.
When tributary flow was too subtle to detect with a flow meter, measurements were made using
a 1 0: 1 dilution of a water soluble dye marker from Fonnulabs®. The dye method involves releasing dye
from a polypropylene bottle approximately 3 inches under the surlace of the water. The dye is released
in the approximate center of the stream, reached with the use of hip boots, taldng care not to disturb the
dye upon exit of the stream. A marker was placed on the shore at the point of dye release. The dye was
allowed to flow for approximately 1 0-30 minutes, at which point a distance measurement was taken on
shore from the stake marking the origin to the center of the dye m ass downstream. Depth was taken at
the point of release and the width of the tributary was recorded. Practice use of the dye marker technique
was done 1 2 Oct 92, but the flow was too fast at Sites 12, 1 3, and 1 5 to get accurate measurements. The
dye method was employed 26 Oct 92 to obtain flow measurements at Site 1 1 . Additional measurements
were taken using dye 9 Nov 92 at Site 1 1 to analyze funher the hypothesis that Pattee Pond Brook changes
flow direction according to the water level differences between the wetlands and the lake.
The following equations combined with field data (Appendix D) were used to calculate flow rate
expres sed in cubic feet per second :
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For data obtained using the flow meter, the following equation was used:
S tre am flow per cell (cfs) = [Length of cell (ft)] x [Average depth of cell(ft)] x
[Average cell velocity (ft/s)]
Length of cell = Distance measured from the first transect point (a) to the next transect point
(b). Velocity measurements were normally recorded at 1 -foot intervals, so the length of the
cell for each measurement would be 1-foot.
Average depth of cells = [Depth measured at (a) + Depth measured at (b)] I 2.
Average cell velocity = [Velocity measured at (a) + Velocity measured at (b)] I 2.
Therefore, the sum of the flow for each cell is the flow (cfs) of the stream at that point.
For the data obtained using the dye method, the following equation was used:
S tre am flow (cfs) = [Average depth of stream (ft)] x [Stream velocity (ft/s)]
[Stream width (ft)]

x

S tre am velocity = Distance dye traveled during the elapsed time.

Precipitation data used in the discussion were obtained from the National Oceanic and Attno
spheric Administration at the Kennebec Water District Office in Watervill e , Maine. Measurements were
taken at the W aterville pump station, approximately 6 miles west of Pattee Pond.
Results and Discussion
Measurements taken on 26 Oct 92 followed a weekend of approximately 1 . 1 2 inches of rain and
light showers all day (0. 1 5 inches). Figure 24 illustrates the calculated flow rates and percent flow each
inlet is accountable for from the 26 Oct 92 data. The flow at Farber Brook was by far the most significant,
approximately 8 .5 times greater than the smallest flow contributed by the Northeast Inlet. The next
highest inflow was calculated at Bellows S tream, 2.5 times less than the flow rate at Farber Brook. See
Table 9 for comparison of quantitative flow rates.
A significant outflow rate was recorded at Site 1 1 on 9 Nov 92, following a period of no
measurable precipitation since the 26 Oct 92 measurements. The outflow rate was 2 .4 times greater than
the inflow measurements taken at this site on 26 Oct 92.
The morphology of the all the tributaries varied slightly from site to site. Pattee Pond Brook was
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2.83(8%)

12]

•

10.02(27%)

Farber Brook
Bellows Stream
Northeast Inlet

24.02(65%)

Fig. 24. Inflow rate percentages from data taken on 26 Oct 92. Values corre spond ing
to each pie piece express flow rate in cubic feet per second. V alues in parenthesis

illustrate percent area of total pie, and thus, percent of total measured stream iJ:lfl ow.

Table 9. Flow direction and rates (cfs) of Pattee Pond tributaries. Flow measurements for site
1 1 were obtained by dye testing. Flow measurements for sites 1 2, 1 3, and 1 5 were obtained
with a flow meter. All inflow measurements were taken on 26 Oct 92. Additional measuremenUi
were taken on 9 Nov 92 at site 1 1 , at this time an outflow measurement was obtained.

Direction

Flow rate (ft 3 /sec)

inflow
outflow*

6.23
15.17

inflow

24.02

Bellows S ttearn

inflow

10.02

Northeast Inlet

inflow

2.83

Site #

11

-

Pattee Pond Brook

12 Farber Brook
-

13
15

-

-

Measurem ents taken on 26 Oct 92 indicate Pattee Pond Brook as a source of inflow,
whereas measurements taken on 9 Nov 92 indicate an outflow source. Hypothesis state s
that this is a transitory brook that changes between inflow and outflow dependent upon the
level of the lake.
*
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the widest and deepe st of all the streams, with a width of 29 .2 feet and a depth of 2. 7 feet. Pattee Pond
Brook had a silty, V-shaped bottom with a drop in depth approximately 0.5 feet from the shore. Farber
Brook was wide and shallo � with a rocky base. The brook had a mean width of 14.3 feet and a consistent I
depth of 0.4 feet. Bellows Stream was a winding stream that varied occasionally in width and depth. The
bottom of Bellows Stream was also silty and V-shape4 ranging in depth from 0. 7 feet to 3 . 0 feet. The
average width of the stream was 7 .0 f�t. The Northeast Inlet was the most channel-like of all the
tributaries, fast m oving with a rocky bottom and consistent width and depth of 1 .3 feet and 0.5 feet,
respectively.
The changing flow direction of Pattee Pond Brook draws attention to the stream that is a source
for outflowing pond water, but also contributes a measurable amount of inflow under specific
environmental circumstances . On 1 2 Oct 92 and 26 Oct 92, this stream was measured flowing in to the
pond, while measurements on 9 Nov 92 showed a change in curre nt direction to flow out. Environmental
conditions surrounding the change in flow direction give some insight for explanation.
During and preceding the first two measurement periods, there was a steady addition of rain to
the entire area. Wetlands surro und Pattee Pond and its main tributaries. In the event of rain , these

wetlands fill up much faster than the lake because the lake is such a huge reservoir. The falling rain settles

into spaces between the soil particles in the wetlands , whereas rain falling into the l ake does not share
space with particles other than water, making its cumulative volume strictly a measure of water. As a
result, the area in the wetlands fill s with rain water sooner than the lake, and the water level of the wetlands
rises faster than the water level of the lake. When the water table of the wetlands exceeds the water table
of the lake, the water flows from the wetlands into the lake by gravity. The extra water input from a
normally outflowing stream causes the water level of the lake to rise until the water table of the lake is
equal in level to that of the wetlands. The water level of the wetlands and the lake rise together, until it
reaches a point at which flow starts downstream out of the wetland. September of 1 992 had very little
precipitation, c ausing Pattee Pond Brook to go dry downstream of the wetland (Peter Garre tt, pers .
comm.). The fact that the wetlands and pond were still holding water while the outflow stream was dry,
strengthens our conclusions that there is a hindrance, such as a rise in topography and/or a beaver dam ,
between downstream Pattee Pond Brook and the wetlands. The hindrance is s ufficient to affect water
flow . The
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inflow measurements were obtained at Pattee Pond Brook during a time when the level of the brook
exceeded the w ater level of Pattee Pond. The outflow measurements obtained must have been taken after
the water level in the pond and wetland had reached a sufficient height to change directions, resuming
the expected outflow pattern.
In comparing inflow and outflow rates, one will notice that the water volume measured flowing
into the lake is much greater than that flowing out of the lake. The scope of our study cannot account
for this loss of volume since flow rates are the only source of measurements that we have, and flow rates
are not sufficient to draw conclusion about total volumes. If the study were to be expanded, water
volumes would cenainly be something to investigate further.

Water Budget
Methods
The water budget for Pattee Pond was calculated so that the flushing rate and phosphorus budgets
could be determined. The amount of new water entering a lake in a given year, in cubic meters, is known
as the net input (Inet) and is determined by the equation:
Inet = (run-off x land area) + (precipitation x lake area) - (evaporation x lake area)
Run-off = 24. 5 in/yr (0.62 m/yr)
Land = 8 1 4 1 .6 acres (32,949,055 m2 )
Lake = 525.4 acres (2, 1 26,294 m 2)
Precipitation = 40.69 1 in/yr (1 .03 m/yr)
Evaporation = 22 in/yr (0.56 m/yr)

The value for run-off was obtained through personal communication with the North Kennebec
Regional Planning Commission.
Values were found for both the land and water surface area by using the Zeiss Interactive Digital
Analysis S ystem (ZIDAS). For the land area a mylar overlay, produced from 1 983 U nites S tates
Geological S urvey (USGS) Culture and Drainage maps (scale of 1 :24,000 ) of Fairfield and China Lake
were traced. To calculate the lake area, the 1 9 7 5 USGS SE Waterville orthophotoquad (7 .5 minute
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series), w hich shows the water' s edge at the time of the photograph, was traced, which also has a scale
of 1 :24,000 . Tracings were done several times to assure accuracy.
A ten-year average precipitation was calculated using data from the Waterville Pump S tation for '
the years 1 98 1 - 1 98 7 , and averages from Augusta Airport for 1 988- 1 990, when pump station data was
incomplete.
The evaporation value was taken from a study done by Prescott ( 1 969) for the lower Kennebec
River b asin.

Results
U sing the preceding values, the input into the lake per year (I net ) was 2. 1 4

x

1 07 m 3 , or 5.66

billion gallons , per year.

Flushing rate
Methods

The flushing rate is a measure of the number of times a lake ' s water volume is replaced during
the period of one year. It is determined by the formula:
Flushing rate = I net I (surface area of lake
For Pattee Pond, the calculated I net is 2. 1 4

x

x

average depth)

1 07 m3, and the average depth is reponed as 5 m by the

:MDEP (Maine Dept. of Environmental Protection 1 992c ).

Results
Calculated using the above numbers, the flushing rate of Pattee Pond is determined to be 2.02
flushes/yr. This value is slightly less than the MDEP ( 1 992c) value of 2. 1 3 flushe s/yr . The differences
in these values could be due to the different reported areas for Pattee Pond and its watershed. The MDEP
reports the land area as 32,928,0 1 I m2, as opposed t� our measured area of 32,949,05 5 m2. Lake area,
according to MDEP ( 1 992c) data is 2, 1 26,294 m2, while our calculations show the area to be 2,070,040
m2. The MDEP may al so have used different values for run-off, precipitation, and evaporation.
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Land Use
General Patterns of Land Use

Methods

The land use practices within the Pattee Pond watershed were examined for the period from 1 965

until the present. These practices were divided into six categories according to patterns of vegetation and
development. The six types of land use in the watershed (forest, wetland, cleared land, roads, shoreline
residential, and non-shoreline residential) were determined using a combination of sources . The first
source was 1 965 aerial photographs from the United States Department of Agriculture (USDA) . The
scale ( 1 :535.53) of these photographs was determined by taking an on-site measurement of the length
of a building and compai-ing that to L�e length represented on the photo. Orthophotoquads were provided
by the United States Geological Survey (USGS) and were produced from 1 975 photographs with a scale
of 1 :24,000 . Infra-red aerial photographs (35 cm x 28 cm) taken in 1 985 with a scale of 1 :4,833.33 were
obtained from the Soil Conservation Service and 1 99 1 aerial slides (2 in x 2 in) were provided by the
Agriculture S tabilization and Conservation Service (AS CS) . The Nonh Kennebec Regional Planning
Commission supplied a 1 98 1 structures map for determination of residence types and numbers within
'

the watershed.
The USDA photos were collectively arranged to show a complete representation of the Pattee
Pond watershed in 1 965 . The watershed was then divided into five sectors (Fig. 25) and land use practices
were analyzed qualitatively according to these sectors, looking for particular areas of interest (i.e., large
areas of cleared land, evidence of logging, and farms). A mylar overlay obtained from the USGS was
placed over the orthophotoquad, enabling the exact watershed boundary to be used for the determination
of land use percentages for 1 975. Using a lens that projected at 90·, the 1 99 1 slides were projected

directly onto the mylar at a resolution equal to the scale. Land use practices involving forests, wetlands,
or cleared lands were identified and then outlined on the overlay. By tracing the outlined patterns on a
digitizing tablet, each of these land areas was calculated for both 1 975 and 1 99 1 using a Zeiss Interactive

Digital Analysis System (ZIDAS ).
The area of shoreline residential land in the watershed in 1 975 was calculated by identifying the
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Fig. 25 . Sectors designated within the Pattee Pond watershed for a qualitative analysis
aerial photographs .
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1 965

number of shoreline homes from the structures map and then multiplying that number by 0.25 acres
a number determined by calculating the average shoreline lot size from parcel maps provided by the
Winslow Tax Office. Data for 1 99 1 were obtained from an area reconnaissance that involved plotting
new structures onto the existing structures map. Non-shoreline residential land area was determined in
a similar fashion, using 1 .0 acre as the constant recommended by the Maine Depanment of Environmen
tal Protection ( 1992b ). Once these areas were calculated, they were subtracted from the land use category
in which the residence was found. For example, the number of residences located on forested land, not
adjacent to the shoreline, was multiplied by 1 .0 acre and that total was· subsequently subtracted from the
total area of forested land. This was done for each of the forested, cleared, and wetland areas.
The area of roads was calculated from data collected on field reconnaissance that divided the
roads into four categories : dirt, paved (municipal and state), and fire roads. Total mileage and average
width measurements were obtained for each road. These figures were then checked by hand against the
m ylar generated from both the 1 97 5 and 199 1 sources and then were converted to acres. The area ofroads
in either forests, clearings, or wetlands was subtracted from the total land area of the appropriate
category.

Results and Discussion
The Pattee Pond watershed was found to have a total area of 3507 .50 hectares. The lake accounts
for 2 1 4.57 ha, or 6% of the watershed, while the six land use categories comprise the other 94% (Fig.
26). Figure 27 shows how the different land uses were distributed within the watershed during 1975 and
1 99 1 .
The data collected from the 1975 USGS onhophotoquad revealed that 7 6% of the land within the
watershed was forested. In 1 99 1 , 77% of land was allocated to forests. This increase is equivalent to
approximately 7 8 ha, from 26 1 9 .52 ha in 1 975 to 2697 .43 ha in 1 99 1 . Cleared lands showed a 2% decline
between 1975 and 1 99 1 .

The amount of residential land area rose, from under 2% in 1 975 to

approximately 3 % in 1 99 1 . Shoreline residential area increased from 1 3.35 ha to 23 .85 ha and non
shoreline area showed an increase of 35.4 1 ha, from 3 1 .77 ha to 67 . 1 8 ha. Roads accounted for 1 8.98
ha of the watershed in 1975, and 20.47 ha in 199 1 .

Page 65

1975

1991

1 3.35 (< 1 %)
23 . 8 5 (< 1 % )
3 1 .7 7 (< 1 %)
1 8.98 (< 1 %)
67. 1 8(2%)
20.47 (< 1 %)
4.57(6%)
1
2
2 1 4.57(6%)
96.62(9%)
233 .23 (7 %

f

250.77(7%)

245.33 (7 %

26 1 9 . 52(76%)

II

E2]
l?&J
D
II

CJ

§

Pond
Forest
Wetlands
Cleared Lands
Roads
Shoreline House Lots
Non-shoreline House Lots

Total Area = 3507.50 ha
Fig. 26. Land use areas from 1 975 and 1 99 1 within the Pattee
Pond watershed in hectares.

The qualitative analysis of the 1 965 aerial photographs found that sector 1 contained several
fann s on the east and south end of the pond, as well as a large amount of cleared land on the west side.
S ector 2 also showed fann s on the east and west sides, with the south and central areas being primarily
forested. Clearings were found in the southwest corner of sector 3 , along with farmland on the lower east
side of Morrill Road. S ector 4 had a clearing in the northeast corner and south end, with fann s in the
central east part of the sector. Farms were predominant in sector 5, on the east side near M aple Ridge
Road and in the lower west comer by Pond Road. The upper west corner of sector 5 showed mostly
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Lake

Ponds

Residential
Cleared
Forest

Wetlands

1 99 1

Fig. 27. Distri bu ti on of land use practi ces for Pattee Pond watershed i n 1 97 S and 1 99 1 .

cleared lands .
Comparison o f the cleared lands identified for each o f the three time periods showed an apparent
decline in the amount of land in this category . Logging practices were found to be a factor involved in
the 1 965 analysis. From the 1 965 aerial photos , logging practices were obseived to be fairly extensive .
By 1 99 1 , these areas had been all owed to re grow, and could be identified on the 1 99 1 s lides

as

young

forests. Although some of the stands of forest left in the 1 960 ' s appeared to have been cut in the following
years , the total land area that underwent logging was much sm aller. Therefore an overall increase in the
am ount of cleared land did not increase by 1 99 1 .
Cleared land may have also decreased over time due to the decline in fanning practices within
the Pattee Pond watershed. The trend from 1 965 to 1 99 1 can most likely be attributed to the econom y ,
which now makes small farm s a less viable source o f income. Land that had previously been used for
crops or pas ture has been allowed to reven or has been convened to residential l and.
As the amount of cleared land declined over time, there was a notable increase in land area
covered by forests . As mentioned earlier, much of the cleared l and obseived in the 1 965 photographs
was the re sult of logging practice s in the early 1 960 ' s . Logging practices in the Pattee Pond watershed
fl uctuate on a fifty year cycle (Michaud, pers. comm . ) , therefore by 1 99 1 m uch of the cut land had been
replaced by new forest. Any areas of undisturbed, natural forest are essential to watershed protection
because of their ability to slow stonnwater run-off, absorb nutrients , and reduce erosion.
Residential land area has almost doubled between 1 97 5 and 1 99 1 , showing the trend toward new
development in the watershed. This increased development caused more waste treatment system s to be
constructed, greater recreational activity, and loss of natural buffering systems. Although the largest
increase was seen for non-shoreline residences , the number of structures along the shoreline also rose.
Both combine to enhance the potential for nutrients and chemical contaminants to enter Pattee Pond.
Wetlands remained relatively constant between 1 965 and 1 99 1 . Comprising 7% of the total
watershed, natural wetlands a.re important in preventing erosion and run-off around the shores of the lake .
They can provide a sink for nutrients that, during periods o f heavy rain , m ay release nutrients into the
lake. Although an exam ination of possible evidence of this occurring in the Pattee Pond w atershed was
not inc luded in our study , it should not be overlooked.

Biology 493 : Pauee Pond Report

Roads within the watershed contributed less than 1 % of the land area. The greater road area in
199 1 suggested that there were slightly more roads than in 1975 . The small difference is probably due
to the number and length of roads that increased as residential developme nt increased.
The increase in forested land in the Pattee Pond watershed represents a positive trend that,
hopefully, will not be offset by a continued increase in land development. All land disturbances and
development within the watershed will increase the amount of phosphorus that is exponed into Pattee
Pond. Unfortunately, an unavoidable side effect of development is an increase in phosphorus loading.

External Phosphorus Loading
Methods
An equation for the total external phosphorus ioading based on land use and atmospheric input
for the surrounding watershed into Pattee Pond was developed. It included export coefficients defined
by Reckhow and Chapra ( 1 983), and other coefficients that were modified using two case studies,
Higgins Lake (Reckhow and Chapra 1983) and East Pond (Colby Biology 493, 1 99 1 ), and a special
coefficient designed for Camp Caribou, to fit specific characteristics of Pattee Pond. The equation that
resulted is as follows :

W = (Ec a x A s 1 )+(Ec f x Areaf)+(Ec w x Areaw)+(Ecc x Areac)+(Ecr x Arear)+(Ec s x Area s)+(Ec n x
Arean )+((Ec ss x #of capita years 1 x ( 1 -SR1))+(Ec ns x #of capita years2 x ( 1 - SR2)) + Ec cs x ( 1 "SR3))+PSI

W is the total mass loading into Pattee Pond. Ee is the export loading coefficient of each category (f =
fores ts, c = cleared land, s = shoreline development, n = non-shoreline development, w = wetlands, r =
roads, a = atmospheric input,

�

=

shoreline septic tank, ns = non-shoreline septic tank,

cs

= Camp

Caribou septic tank) and is multiplied by the area corresponding to each category (As t = area of the lake ,

SR = soil retention, PSI = point source input). A more detailed explanation of the equation and how the
export loading coefficients were chosen can be found in Appendix E.
High and low export coefficients were selected from the Higgins Lake case study of Reckhow
and Chapra ( 1 983)and modified b � sed on information from :MDEP and conditions observed at Pattee
Pond, as a reference for the phosphorus input categories. These numbers were used to calculate high and
-

.
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low total loading estimates (Table 1 0). The difference between the high and low expon coefficients
represents the uncenainty in the estimates.

p

Reckhow and Cha ra ( 1 983), explain that uncertainty in the estimates m ay be caused by either
variability or bias. Variability may result from natural fluctuations such as changes in stream flow or
stream phosphorus concentration, or may rise due to uncertainty in statistical analysis. Bias m ay result
simply because the estimates may not be accurate in their representation of the category. In other words,
export coefficients derived for use in one watershed may not be accurate measures in another.
Using the phosphorus loading coefficient calculated above and the results from the water budget,
low and high-range predictions of the phosphorus concentration in Pattee Pond were made using the
following equation from Reckhow and Chapra ( 1 983) :

P

=

L/( 1 1 .6

+

l .2q s )

P is the predicted phosphorus concentration for Pattee Pond. L is the annual areal phosphorus loading
and is calculated by dividing W (the annual mass rate of phosphorus inflow) by A s 2 (surface area of the
lake) . The Q s of the above equation is the annual areal water loading and is calculated by dividing Q
(inflow water volume) by A s2 (surface area of lake). A more detailed explanation of the equation and
the calculations is described in Appendix F.

Results and D iscussion
The watershed had a total area of 3507 .50 hectares (Fig. 26). Within this area, 77% was covered
by forests while the remaining 23% was covered (largest area to smallest) by wetlands, cleared lands,
the pond and other small lakes, re sidential area, and roads.
From the phosphorus export loading equation, a projection ranging from _596 kg-P/yr to 1 759.55
kg-P/yr was predicted for the total amount of phosphorus entering the lake per year. The forested area
contributed the greatest amount of phosphorus in these projections, between 67 . 89% and 45 .99% ,
respectively (Fig. 28).

This is not surprising as forests cover 77 % of the watershed. The decrease in

percentage loading is due to the small range of forest P coefficients compared with the larger ranges of
the other coefficients.
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The total residential area is predicted to have the next highest total contribution at 1 8.79% for the
low projection and 27. 1 5% for the high projection. Within the residential area, septic tanks have the
highest input for the low

projection contributing 8 . 84% to the total prediction.

S horeline and non-

shoreline development contributed 6% and 3.95%, respectively. In the high projection, non-shoreline
development contributed more than either septics or shoreline development ( 10.3 1 %, 1 0.07%, and
6.78%, respectively).
High Projection

Low Proj ection

32. 1 9(5 %)

I

23 . 5 1 (4%)

35.77(6%
I

1 6.38(3%)
I

1 19.23 (7%)

23 .32(4%)
7. 5 2(1 %)

8 1 .9(5%

404.61 (68%)

50. 1 5(3 %)

Total Loading =596.00 kg-P/yr

•

1:::::::1

�
111
•
E]
13
D

Total Loading = 1 759.55 kg-P/yr

Pond
Forest
Wetlands
Cleared Lands
Roads
Shoreline House Lots
Non-shoreline House Lots
Septic Tanks

Fig. 28. Total Phosph orus expon loading from each land use within the Pattee Pond
Watershed.
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1

In the low projection, both shoreline and non-shoreline development contributions are similar to
the contributions of the other land use categories which range from 1 % to 4.26% . After residential , in

II

the low projection, annospheric input added the most phosphorus followed by cleared lands , roads, and
wetlands. In the high projection, cleared lands added even non-shoreline development ( 1 3 .25 %). After
cleared lands , the decreasing order of phosphorus contribution for the high proj ec tion is atmospheric
input, roads, and wetlands .
Unlike that of the forested area, the level of phosphorus contributed by the residential area is
relatively surprising as residential area comprises les s than 3 % of the watershed. In both the high and
low projections , a relatively small amount of this contribution comes from shoreline development. Most
of the phosphorus loading, in both projections, comes from septic tanks. The total number of residents ,
seasonal and residential, were unknown, but an estimate of 3 .5 people per residence was used when
calculating the number of capita years. The number of days seasonal residents spent in their residences
was estimated at 40 days per year. Unlike Camp Caribou, Giordano ' s campground, w hich would
contribute more than the average home, was not included in our calculations. The P coefficient used for
septic systems seem s justified, especially when looking at the houses on the west side of the lake. As
is discussed later (Subsurface Waste Disposal), many waste disposal systems are less than ideal. Many
of these houses are located on steep slopes, which have a thin layer of soil, have little in the way of buffer
zones , and have small lots. This means that most of the phosphorus contributed will enter the lake almost
directly instead of being absorbed by the soil.
The phosphorus concentration prediction (using formulas from Rechow and Chapra, 1 983) for
Pattee Pond calculated in our study ranges from 1 1 . 8 ppb to 34. 8 ppb (Appendix F). These low and highrange predictions correspond with the year-round studies of the Maine Depanment of Environmental
Protection ( 1 992) whose mean total phosphorus values ranged from 1 5 ppb to 33 ppb. The good fit of
the predicted concentration values suggests that the phosphorus loading values used in the equation are
realistic.
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Soil Types
Methods
The amount of phosphorus that a given area contributes to a pond will be strongly influenced by
the type of soil found there. This will depend on many different characteristics of the soil, including but
not limited to, permeability, erodibility, slope, depth of water table, flooding frequency, rockiness,
organic content, presence of an impermeable layer, and depth of soil to bedrock (Faust and LaFlamme

1978). We chose to look at permeability, erodibility, slope, and septic suitability, because together they
include the major limitations to residential development, which appears to be the main component of
cunent development in the Pattee Pond watershed.
Permeability is a valuable characteristic to examine because it will influence the amount and means
by which phosphorus in the soil enters the water. A highly permeable s �il will allow water to rapidly
inf1ltrate the soil and carry with it dissolved phosphorus. A soil with a low permeability will not permit
water to infiltrate as rapidly or extensively as a highly permeable soil. This causes water to flow down
the soil surface, carrying with it phosphorus containing soil particles, which can dissolve, once in the
water.
There is some degree of soil surface disturbance associated with residential development. The
disturbance of a soil that has a high erodibility results in a high potential for phosphorus containing soil
particles to enter the water through erosion and run-off.
Along with the inherent erodibility of a soil, the slope on which a soil occurs will influence the
amount of erosion and run-off that takes place. Soils on steep slopes can be eroded much more easily
than level soils. The disturbance of a soil on a steep slope can greatly compromise the stability of the
soil and lead to the introduction of phosphorus through erosion and run-off.
One very imponant component of any residential development is the construction of the septic
system and leach field. A soil's suitability for a septic system can be limited by several factors including,
shallo wness of the soil to bedrock, a high water table, low permeability, steep slopes, and large amounts
of organic matter. If a septic system is constructed in an soil unsuitable for it, the system has a potential
for introducing a very large amount of phosphorus into the water.
We used hydrological data to assign soil types to permeability groups A-D (USDA-Soil Conser-
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vation Service 1 992, Krall, pers . comm. , and Tulloch, pers. comm . ). This grouping was used to correlate
soil permeability to the resulting potential for phosphorus loading. Soils of class A are composed of sand
and gravel and have a very high permeability. This type of soil is good in the sense that the amount of
run-off is low, and therefore the amount of phosphorus brought into the water in particulate form is low.
However, because of the large grain size there is very little binding of phosphorus to the soil, and
phosphorus will rapidly leach through and become incorporated into the water body. Class B soils have
an adequately high permeability to prevent a high degree of run-off, but contain soil particles small
enough to bind phosphorus.

This is therefore the best class of soil in the watershed for general

development. Class C soils have a lower permeability, usually due to a restrictive layer of clay termed
a fragipan. These soils have small particles that could potentially bind phosphorus , but because the
permeability is low, significantly less water soaks into the soil. The water that does not soak in may flow
over the surface, carryi ng phosphorus-containing soil particles with it. Class D soils are the least
permeable, with the movement of water being extremely restricted, resulting in a high degree of run-off
in some soils. In other class D soils run-off is not a problem because the soils are located in flat areas,
however a lack of drainage results in waterlogged soils.
An engineering p aram eter to define the erodibility of a soil is the K factor (USDA-Soil
Conservation Service 1 992). A higher K factor corresponds to a more readily erodible soil. The numeric
values given were divided into categories of high erodibility (0.40-0.49), medium erodibility (0.300.39), and low erodibility (0.20-0.29).

The K-values that correspond to high, medium , and low

designations are not absolute values, but instead are useful as a comparison of the erodibility of the
different soils within the watershed.
In order to group soils according to slope (USDA-Soil Conservation Service 1 989), terrain was
divided into four levels of slope: flat (0-3%)Jow slope (3-8%) , intermediate slope (8- 1 5%), and steep
( 1 5-45 % ) . These categories are useful in that the lesser slopes are better suited for development and the
steeper slopes have a greater potential for phosphorus loading after development due to the greater
probability of erosion.
Soils were also grouped according to their suitability for the construction of residential septic
system s (USDA-Soil ConservationService 1 989, and Rocque, et al. 1 990 ). The different groupings
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were: 1 ) all systems permitted, 2) no new systems permitted, and 3) systems may or may not be permitted.
These groups are based on limitations of the soil, such as flooding, high organic content, low
permeability, and shallow depth of soil above bedrock.

1

After these rankings were done for each soil series, a map was constructed, using the soil types
and locations given in the Soil Conservtion Service soil maps (Faust and LaFlamme 1978). Our maps
grouped all the soils with the same rank and designated these groupings graphically. For example, a map
for erodibility would designate all soils with a low erodibility as one symbol, all those with a medium
value as another, and those with a high value as a third. This was done for each soil characteristic
examined: permeability, septic suitability, slope, and K value.
Each of these four maps was entered into the geographical information system, MacGIS , to
analyze the suitability oi an area' s use with respect to the area' s soil properties, as well as to propose
which areas of the watershed are suitable for future development.

Results and Discussion
The arrangement of the various soil types within the Pattee Pond watershed into hydrological
groupings (Fig. 29) revealed that there are no soil types of class A (highly permeable). Because leaching
is associated with highly permeable soils, the limitation of soils, with respect to permeability, will be
based on run-off rather than leaching. Soils with permeability suitable for development are fairly
common in the Pattee Pond watershed, with moderately permeable soils (class B) taking up 2 1 60 ha of
the watershed. Because these soils are permeable enough to all ow the infiltration of water, the amount
of run-off will be relatively low. Large areas of this adequately permeable soil are found on the western
margin of the pond, where a large amount of development exists. Other large areas exist to the south,
southwest, and west of Paine' s Comer, and a strip roughly a mile wide on the northeast side of route 1 37 .
Other significantly large blocks o f type B soil are found scattered throughout the watershed.
Class C soils occupy 877 ha in the Pattee Pond watershed, with large areas located to the west
of Lamb ' s Comer, to the south of Emery Swamp, and surrounding the southern portion of B ellows
Stream. Several other significantly large areas of class C soils are present in the watershed, some of
which have high levels of development, such as the areas along pond road, and the southern extent of
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class B soils
class C soils
class D soils

Fig. 29. Perm eability of Pattee Pond Watershed Soils

route 1 37 . A higher level of run-off will prevent these soils from being as suitable for development as
class B soils.
Class D soils have a very low permeability and have an area of 470 ha in the watershed. These
areas are concentrated around streams and water bodies, and are limited for development not only
because their high potential for run-off, but also because many of the areas are waterlogged (which would
prohibit most types of development). The major areas of class D soils are found where Bellows stream
approaches Pattee Pond, the swamp at the southern end of the pond, a large portion of Emery Swamp,
much of the area surrounding Farber Brook, and the swampy area to the north and northeast of the Pattee
Pond.

In the Pattee Pond watershed development should be limited to areas with the moderately
permeable class B soils, which would not lead to the large amount of phosphorus loading from run-off
that could be triggered by development in soils of moderately low and very low permeability.
The examination of erodibility indicates that the majority of the watershed has soils of intermediate
erodibility (Fig. 30). These intermediate soils occupy 2767 ha, while the next highest amount of land
is occupied by soils of low erodibility, with an area of 7 1 6 ha. There is one 25 ha area which has soils
of high erodibility, and is located near the eastern shore of the pond in the vicinity of Giordano' s .
Disturbance o f this highly erodible soil would b e much more likely to trigger erosion an d run-off, thus
increasing phosphorus loading , than would the disturbance of the less erodible soils, therefore residential
development should be avoided in this area.

In analyzing the slope of the soils in the watershed, we found soils ranging from class A (0-3%
slopes) to class D ( 15-25% slopes) (Fig. 3 1 ). The more gently sloping A and B class soils are found
throughout the watershed but are concentrated in the nonheastem pan of the watershed, and surrounding
marshes and streams . A and B class soils compose 725 and 845 ha respectively. The relatively steep
class C soils occur extensively throughout the watershed and occupy 1 677 ha. The very steep class D
soils have an area of 260 ha, and occur mainly east of Emery Swamp, west of Farber Brook, surrounding
Bellow ' s S tream, and in the area bordered by Pond road, Shore road, and Nowell road. Because of their
gentle slope, disturbances of class A and B soils would not be as damaging as would disturbances of the
steeper C and D class soils. Disturbance of the soil on these slopes could trigger erosion and run-off,
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Fig. 3 1 . Slope of Pattee Pond Watershed Soils

increasing the phosphorus loading to the pond, and should therefore not be developed.
The grouping of the watershed soils according to septic system suitability (Fig. 32) revealed that
there are 738 ha. that have soils in which the construction of a new septic system would not be permitted.
These are located mainly in flat areas surrounding streams and marshes. A low permeability and high
water content prevents these soils from being suitable for septic leaching fields. There are also some soils
scattered throughout the watershed which would not be permitted because they are either too shallow to
bedrock or have a steep slope. Soils which fit in the category "new systems may or may not be permitted"
occupy the majority of the watershed area, with 2178 ha.. The soils in this category are limited in their
suitability for septic systems by the depth to bedrock. Those sites which have adequate depth of soil to
bedrock would be suitable for septic system construction, while sites with inadequate soil depth would
be restricted from septic system construction. Soil depth in this group varies from site to site and would
need to be measured on-site in order to determine whether or not it would be suitable for a septic leach
field. The remainder of the watershed contains soils in which septic system construction would be
permitted. Soils of this category take up only 591 ha., indicating that areas which are definitely suitable
for septics are very limited in the watershed.
The overall suitability of a soil for residential development is not a function of any single soil
characteristic, but rather the sum of all the soils characteristics. For example, in Figure 31 the soil
surroundingFarber Brook is nearly flat and would therefore be suitablefor residential development, with
respect to slope. However,Figure 29 indicates that the same soil has a very low permeability, and would
therefore be unsuitable for development in terms of permeability. Although this soil is suitable with
respect to slope, it is unsuitable with respect to permeability, and would therefore violate the criterion
for overall residential development suitability.
In order to show the overall suitability of the watershed soils, a map was constructed (Fig. 33)
taking into account the four categories discussed above: permeability, erodibility, slope, and septic
suitability. Any soil that was found to be suitable for all four characteristics was classified as being
suitable for residential development, and those which were unsuitable for one or more of these
characteristics, were classified as being unsuitable for residential development. The distinction between
suitable and unsuitable for each soil characteristic examined was done based on the limitations
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Fig. 32. Rating of Pattee Pond Watershed S oils for New Septic S ystem Construction

mentioned earlier (Table 1 1 ). In some cases these distinc tions reflect what the state of Maine considers
suitable or unsuitable, as in the case of the legal limitations for new septic system construction. Other
distinctions were made based upon what the authors felt were appropriate with respect to controlling
phosphorus input to the pond. Based on these distinctions of suitability and unsuitability, we found that
the watershed contains 2724 ha of soils unsuitable for development, and only 7 84 ha of soils suitable for
development. This is a liberal number since depth of soil in some locations could preclude septic
construction.
When this overall suitability map is compared to the map showing the various land uses (Fig. 27)
it appears that a large amount of this suitable area already has residential development, especially those
suitable soils in proximity to existing roads. As these suitable, roaded areas become scarce, development
may shift to less suitable soils. The existence of considerable amounts of development on soils
considered unsuitable, may indicate that the shift of development to unsuitable soils is already occurring.
Although there are many, the most notable area of residential development on unsuitable soil is on the
western shore of Pattee Pond, where many of seasonal residences are located on steep slopes. Any
residential development in the Pattee Pond watershed, both existing and future, that occurs on soils for
which it is not suitable could potentially increase the phosphorus load to Pattee Pond and accelerate
cultural eutrophication.
Table 1 1 . Suitable and unsuitable distinctions for soil characteristics

Suitable

Permeability
Erodibility
Slope
Septic suitability

moderate permeability (class B)
mcxlerately low permeabilitv (class C)
low ercxlibility (K=.20-.29)
mcxlerate erodibility(K=.30-. 39)
class A (0-3% slope)
class B (3-8 % slope)
permitted
may or may not be permitted

Unsuitable

very low permeability (class D)
high erodibility (K=.40-.49)
class C (8- 1 5 % slope)
class D ( 1 5-25 % slope)
not permitted
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Fig. 3 3 . Overall Suitability of Pattee Pond Watershed Soils for Residential Development

Agriculture a n d Forestry

Methods

Due to the lack o� existing fann ing operations, the main focus was on historical trends offann in g

in the area. A list of farmers, who had voluntarily registered with the dep arnn e nt during their time of

operation, was obtained from the Soil Conservation Service (SCS). Information regarding the history
of farming in the watershed was gathered from interviews with three former farmers and three mem hers
of the local community. A walk around a chicken barn with a former chicken fann er was undertaken
to look for signs of piled chicken manure. A structural map, obtained from the

tax

assessor' s office at

the Winslow Town Hall, showed farmsteads in 1 970 and was helpful during the interviews. Literature
and statistics on the number of fann s and cattle during different time periods were obtained from the
Dep artment of Agriculture in Augusta. The amount of nutrients from manure produced on the dairy and
chicken farms in the watershed was calculated on the basis of published assumptions and estimated
populations of farm animals (Appendix G).
The Kennebec County District of Conservation was contacted regarding logging regulations that
would pertain to the watershed. Also, they provided advice on the process of estimating logging trends
in the watershed. Aerial photos from 1 965 , 1 980 and 1 99 1 of the Pattee Pond watershed were examined

and compared to determine trends in the amount of logging being perfonned.
Results and Discussion
Historically, small family fann i ng in the Pattee Pond watershed has been common, but it has
never been a main agricultural area due to the high percentage of wetlands and steep and rocky terrain.
In the past seventy years, the number of farms has decreased dramatically. Small family farms have been

taken over by larger commercial fann s. In the past ten years, the last remnants offarming in the watershed
have been almost eradicated. Fann ers grew too old, their children chose other career paths, and part-time
help, which is necessary during the busy times of the year, became difficult to hire.
In the early 1 960' s , there were six existing cattle farms and two chicken farms just beginning to
operate in the watershed. Of the established farms, three of the cattle fann s can be described as small
commercial dairy farms with approximately 30-40 milking cows and 20-30 heifers . The other three cattle
f ann s were general family fann s w i th approxim ately tw�nty head of cattle. The chicken fann s that began
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operating in the e 3!1Y sixties each had only a few thousand chickens . By 1 970, only one

dairy

fann

remained, which became Richard Ireland' s farm. In the 1 970' s, the two chicken farms increased their
flock size to 20,000 laying hens on one farm and 70,000 broilers on the other. The laying farm closed
during the mid- 1 970' s and the broiler fann closed in 1 98 1 . Richard Ireland was the last of the

dairy

fann ers until he ceased operation in 1 987 .
In 1 990, a horse stable with approximately a dozen horses remained on the West side of the pond.
The stable closed after neighbors complained of "urine" in their water wells. All other farms except for
one apple orchard, located on the south-west border of the watershed, have also closed.
Raymond MacCaslin started a laying chicken farm on Nowell Road, about a mile from the Pond,
in 1 96 1 with 5 ,000 laying hens. His number of hens increased to 1 0,000 by 1 965 . According to Mr.
MacCaslin, in the late 1960 ' s h.! switched to 45 ,000 broiler chickens . For most of the 1 970's, the farm
had 70,000 broilers before it closed down in 1 980. Seventy thousand broiler chickens can produce
1 09.24 pounds of nitrogen a day and 222.66 pounds of P205 a day (Appendix G).

Even with these

numbers, it is possible that the chicken farm was not a significant phosphorus and nitrogen source
because the chickens were contained in barns. According to Raymond MacCaslin, every ten or so weeks ,
when the barns were cleaned out, the m anure went straight down a chute into a farmers truck from
Fairfield Center to be used as fertilizer. No piles of chicken manure were evident around the chicken
barn. MacCaslin said that in response to accusations that his chicken farm contributed nutrients into the
Pond, he asked some scientists from University of Maine, Orono to examine his farm and test the water
in a nearby stream. The scientist, according to MacCaslin, did not find any re ason to believe that his farm
posed a threat to Pattee ' s Pond. Any problem with chicken manure would have come from farmers
spreading it on their fields with subsequent run-off into the lake, and not directly from the chicken barn.
The few

dairy

farms of the past could have been contributors to phosphorus loading. In the

1 970' s, when S CS was targeting dairy farms for manure containment facilities, no farms in the watershed
were approached. Presumably this was due to the existence of buffer zones between the farms and the
pond, as well as the small size of the farms . Mr. Ireland reported that farmers are not allowed to spread
m anure from December 1 to April 1 , but historically it is possible that practice m ay not have been
followed. There is no widesprsead practice of growing hayfields in the watershed for farmers outside
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the watershed to use as feed. H there are any hayfields being grown, it is likely that manure is not spread
on the fields due to the difficulty of transporting manure from a farm outside the watershed.
Richard Ireland·· had a moderately sired dairy operation. Part of his pasture spans into the
northeast side of the watershed. He had sixty acres of woods between his farm and the pond that acted
as a buffer. Neither his farm, nor any others in the watershed, were considered a priority threat as a
polluter of Pattee Pond by the SCS. Mr. Ireland had, at any one time, 70 dairy cows and 70 heifers. These
cows and heifers produced an estimated 1,016 lbs of nitrogen a year and 1358 lbs of P205 a year. Some
of these nutrients could have been included in overland run-off flow to the pond because parts of the
pastures were in the watershed.
Table 12 shows the estimated amounts of nutrients in the manure for three time periods during
the last thiny years. Although dairy farms may have played a major role in adding phosphorus to Pattee
Pond thirty years ago, with 4,563 lbs of N and 8,943 lbs of P205 produced in the manure, the current
effects are negligible due to the lack of existing farms. It is possible that some nutrients produced on
farms decades ago remain in the pond sediment. Under certain environmental conditions, such as lack
of oxygen in the Pond, these nutrients may be released into the water column.
Table 12. Amounts of N and P.2.05 by weight produced by chickens and dairy cows per
year in the Pattee Pond watershed in early 1960's, 1970's, and 1992.

Dajry cows
Year(s)

available N
(lbs/yr)

Chickens
P205
(lbs/yr)

available N
(lbs/yr)

early 1960s

4563

8943

2,847

early 1970s

1016

1358

56,881

0

0

0

1992

p

205
(lbs/yr)

5,793
115,924
0

Logging operations are another agricultural practice. Currently there are few regulations to limit
'

the amount of damage done by logging. All municipalities are bound to regulations that forbid logging
within a minimum distance of 250 feet of a lake or within 75 feet of a stream (Michaud, pers. comm).
There must also be a bridge over streams for logging equipment. Landowners are required to register
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a planried logging operation and fill out a follow-up report on the logging done with the Maine State
Forest Service.
As with dairy farms, the number oflogging operations has been decreasing within the Pattee Pond 1
watershed. Logging was fairly extensive in the watershed during the 1 960' s . One area, located southeast
of Nowell road and east of the pond (including Farber Brook), appeared to be heavily logged in 1 965
aerial photos. Now this area, and most other areas that in 1 965 showed significant loss of ttee cover due
to logging, have grown back into forests. An exception to the total regrowth of forests in the watershed
is a stand of tree s on Mylam road, the only noticeable logging operation from 1 9 80 to 1 99 1 . In 1 965 this
stand was a lone island of thick trees surrounded by selectively logged land. Photos from 1 980 indicate
this stand of trees had been logged. By 1 991 the lone logging area on Mylam road had begun regrow.
Unlike dairy fann s anJ small family farms, which seem to be a thing of the past in this area,
logging occurs in cycles. Due to the taxes imposed on a landowner of fifty or more forested acres, the
landowner is likely to sell parcels for small house lots or log some of the land. On average, forests on
private land such as those in the Pattee Pond watershed, will be logged on a fifty year cycle (Michaud,
pers. comm). Thus the watershed may be on the downward side of the cycle, waiting for the trees to grow
enough for a profitable harvest. H this is the case, then forest re generating from the logging in the 1 950' s
and 1 960' s will be due to be logged again within the next ten to twenty years. Logging may not be a l arge
contributor to the nutrient load entering Pattee Pond, but if the logging cycle experiences an upswing in
the future then it could cause a substantial increase of nutrients entering Pattee Pond.

Subsurfa ce Waste Disposal
Methods
An initial field reconnaissance of Pattee Pond made it obvious that subsurlace w aste disposal has
the potential of being a threat to the watershed. Few adequate buffer zones and a number of non 
conform ing lots made it clear that many homes along the pond are under grandfather clauses regarding
waste disposal systems. These system s could cause an excessive amount of waste seepage into the pond.
The tax maps that contain the Pattee Pond watershed land parcels were obtained from the
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Winslow town office. Lot information (owner' s name and pond frontage, if available) was recorded and
. copied onto a facsimile of the tax maps. Building permit files were examined to determine presence and
type of septic system. \\'inslow Code Enforcement Officer Frank S tankewitz was helpful in providing
information concerning septic regulations and allowing us access to town permit files. On 5 Oct 92, a
field survey was done to verify information previously gathered and to locate unrecorded disposal
systems.
Subsurface wastewater regulations are determined by both state and local laws . The laws
regarding criteria, placement, certification, permits, and construction of septic systems are found in the
State of Maine Subsurface Wastewater Disposal Rules (Division of Health Engineering 1 988). The town

of Winslow uses the rules established by Building Officials and Code Administrators International, Inc.
(BOCA) as well as the state disposal rules. The town of Winslow has yet to establish a Shoreline Zoning
Ordinance for the town so it still is subject to the State ordinances.
S oil information regarding soil type, land slope and limiting factors was gathered using USGS
soil and topographic maps. This information was compared to the regulations stated in the State of Maine
S ubsurface Wastewater Rules to determine setback distances and the possible threat of existing septic
systems on the Pattee Pond watershed.

Results and Discussion

The Pattee Pond shoreline consists of many closely spaced small cottages within an extremely
small setback to the water (less than 50 ft). State regulations require a setback of 1 00 ft to ensure that
wastewater has adequate time and distance to be filtered by the soil before reaching the body of water.
Winslow Code Enforcement Officer, Frank Stankewitz, suggests that every camp along the Pattee Pond
shorefront is non-conforming even with the grandfather clauses. Therefore, many of the systems were
constructed before any zoning regulation was in effect and could be causing a significant amount of
damage to the watershed. The homes are in such proximity along the shorefront that the high seasonal
population density could exceed the soil's capacity to treat the amount of waste materials entering the
ground.
A wastewater disposal system in compliance with s tate and local standards should pose no threat
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to the Pattee Pond watershed. However, the number of sites with grandfathered and undetermined
systems indicates that this is most likely not the case. A field reconnaissance revealed approximately
1 00 visible wastewater disposal systems of some son, leaving at least 30 systems unaccounted for. Only
50 of the 1 30 waterfront lots with at least one structure had subsurface wastewater disposal permits on

file at the Winslow town office, indicating that there are a number of systems installed before 1 970 that
are probably not in compliance with current standards.
Holding and septic tanks pose the least threat to water quality. Holding tanks are water tight
receptacles that must be under contract to be pumped out on a regular basis, depending on the amount
of use. There are 36 holding tanks along the Pattee Pond shorefront, mostly along the western shore
where the land grade is steep and there is little depth to bedrock. The construction of holding tanks is
now prohibited with the exception of replacement of an old or malfunctioning septic tank. Septic systems
consist of a treannent tank that separates solids and provides an anaerobic environment for bacterial
degradation of wastes, and a disposal bed, or leach field. The disposal area depends upon the soil to filter
and degrade organic wastes. Because it is dep�ndent upon the soils, strict limitations are set for the
construction of such sites. The 40 septic systems in existence on the shore of Pattee Pond are mostly on
larger lots with a greater setback distance from the water and gradual slopes.
Pit privies are present at a number of dwellings on the Pattee Pond shorefront.

A field

reconnaissance showed 25 lots where outhouses were the only noticeable form of subsurface waste
disposal. Because they depend upon the soil to filter out bacteria and solids, it is essential that privies
m eet soil and setback requirements to ensure water quality. These outhouses are frequently close to the
shore and on poor soil with a moderate slope. Thus, there is probably a significant amount of partially
treated waste leaching into the pond. A rainstorm could easily saturate this soil, rendering it useless in
filtering sewage.
Soil type, percolation, slope, and depth to water or bedrock are imponant criteria in determining
the possibility of building a septic system on a lot. Soil types in the Pattee Pond watershed include
primarily Hollis, with small amounts of Scantic, Tagus and Scio. The Hollis is listed as shallow to
bedrock. The Scantic, Togus, and Scio have either slow penneability or are affected by a high water table,
or both.

Field reconnaissance and consultation with Winslow Code Enforcement Officer Frank
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Stankewitz indicated that bedrock was exposed on many of the lots. All the soil limitations were listed
as severe with respect to establishment of a septic system. According to the U.S. Depamnent of
Agriculture, septic systems are not permitted on severe soils. This leaves little option other than holding
tanks for people wishing to build on the Pattee Pond shorefront. A developer on the Pattee Pond shore
would have problems constructing any kind of structure unless septic laws and regulations are waived
by the Local Plumbing Inspector. Variances to install septic systems on non-conforming sites are not
granted around Pattee Pond by the town of Winslow due to a :MDEP regulation prohibiting the increase
of non-conformance around the shorefront (Stankewitz, pers. comm.).
A field reconnaissance by canoe to search for possible point sources and direct drainage showed
that most of the homes on Pattee Pond have pipes to supply their camps with water directly from the pond.
Subsequently, the amount of contaminants entering the pond is de finitely cause for concern.
Fecal coliform standards must be in compliance with State and local regulations for recreational
waters, which is the most lenient of all water quality standards. Fecal coliform tests are performed on
Pattee Pond approximately twice per year by the :MDEP and the Pattee Pond Lake Association.
Investigation of every area with a count above 1 2F.C/1 00mLis undenaken to locate any malfunctioning
wastewater disposal systems. Frank Stankewitz communicated that in the three years he has been with
the town office there have been four to six high fecal coliform levels per year. These findings have led
to the replacement or repair of approximately 20 holding tanks and 10 septic fields (Stankewitz., pers.
comm.). S tankewitz stated that he does not "trust" most of the holding tanks around the pond due to their
bad history of cracking and leaking leachate and gave an example of one tank that has no record of being
pumped by any of the local septic pumping companies, yet its level has remained the same for three years
(Stankewitz, pers. comm.). This could be attributed to a crack in the tank causing a slow leakage of waste
to the surrounding soil although the extent of the damage to this tank is difficult to assess or prove
(Stankewitz, pers. comm.).
Another source of wastewater drainage into the pond mentioned by Stankewitz is the direct
release of household gray water into the soil directly beneath the houses. A homeowner may see this as
a viable way to com bat the high cost of pumping a holding tank without considering the damage that such
detergent loading could cause by increasing phosphorous levels in the pond.
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Year-round residence on Pattee Pond is currently not permitted, although a town referendum on
the issue was passed on 3 Nov 92. For this referendum to go into effect, the MDEP must still grant a
variance to over-ride existing regulations. Current state regulations permit year-round dwelling on a 1
body of waterifthe structure is located a minimum of 250 feetfrom the shoreline. The existing domiciles
along Pattee Pond are less than 100 feetfrom the shoreline. Because the soil is rated as severe with regard
to septic system construction around the entire pond, year-round residence inthese buildings would be
impossible with respect to state subsurface wastewater disposal rules.

Landfill
Methods

Interviews were conducted with Steve Reynolds, who is the land owner of the propeny
containing the old Winslow town landfill, and Dan Mallon of Scott Paper. Questions were asked
regarding the quantity and the type of garbage, the major users of the landfill, and general practices
undenaken to maintain the landfill. Information was requested from the MDEP, the Soil Conservation
Service (SCS) and the Winslow town hall about the history of the landfill, but no information was found
from these sources.

Results and Discussion
The Winslow town dump was opened around 1959, and was closed in 1981 . The land covered
ten acres (Reynolds, pers. comm.). It is located on Palmer Road, 410 feet above Bellows Stream, on the
south-west edge of the Pattee Pond watershed. There is a steep incline from the edge of the dump to the
stream. The type of soil.is Woodbridge with a 3-8% slope at the site. Woodbridge is rated as severely
limiting for landfills because of a propensity for this soil to have a high water table. Hollis with a slope
8-15% is found between the site and the stream. Hollis is rated as severely limiting because of its
moderate permeability and it tends to be shallow to bedrock.
For over 20 years, municipal or industrial waste was placed in the landfill with very few
regulations. The municipal waste included paper, plastic, refrigerators, stoves, tires, oil, pesticides,
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copper, lead; anything Winslow residents needed to dispose. Scon Paper, which has a paper production
plant in Winslow. was one of the biggest users of the dump since the time the l andfill staned According
to Steve Reynolds, Scott Paper would bring in an average of three 10 cubic-yard capacity trucks a day.
On average, out of one ten-yard truck from Scon paper, abouteight yards would be toilet and tissue paper,
one yard plastic wrappings and wire coil for bailing, and one yard scrap wood and metal to hold down
the garbage. Sludge from paper plants has a high content of nutrients such as nitrogen and phosphorus.
However, no paper mill sludge was ever dumped at the Winslow landfill, since the company dumped the
sludge at the Scott Skowhegan paper mill (Reynolds, pers. comm.).
For 18 years up to approximately 1977, waste was burned, compacted and then pushed over the
edge of the landfill. Cover material would be added sporadically to the landfill when the town had cover
material available. The cover material was usually din obtained from cleaning the shoulders of dirt roads.
For extended periods, the ash was left exposed on top of the landfill. The edge of the land.fill facing the
stream became an almost sheer, 30 foot wall of uncovered waste ash and any material that would not bum.
During the last four years o f the active landfil.l, burning was halted due to a concern o f the air pollution
caused by burning garbage. As a result, the unburned garbage was bulldozed off the edge and the top
was sporadically covered with six inches of cover material.
The landfill has now been closed for eleven years. When i twas closed, the refrigerators and other
large appliances were removed.

The landfill was not sealed with a clay cap as is now the standard

practice. The landfill was covered with regular cover material and left. Currently, the landfill is covered
in grasses and brush. Uncovered patches of tin cans, glass, ash and barren areas still exist where Scott
Paper dumped bunyon seed oil. The area between the dump and the stream has grown into a small
woodlot
In the past, due to the proximity to the stream and the grade of the slope, the landfill may have
been a major source of pollutants into the pond. Paper is not considered a major source of phosphorus,
yet high quantities of paper and cardboard were burned for over seventeen years, which possibly could
concentrate levels of phosphorous large enough to reach Pattee Pond (Fekete, pers. comm.). Until the ,
dump closed, run-off from the sporadically covered surface.and groundwater could have been major
routes of pollution. Today, the biggest source of pollutants entering the stream from the landfill would
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be through groundwater because the landfill is well-vegetated.

Zoning and Development
1

Methods
Initial field reconnaissance showed that a large number of residences around Pattee Pond had
grandfathered waste disposal systems because of their proximity to the water. Furthermore, the lack of
buffer zones, along with a number of nonconforming lots, made it clear that subsurface waste disposal
has the potential to be a problem for Pattee Pond.
Many people were very helpful in clarifying the confusing issues surrounding the Pattee Pond
Referendum.

Among these was the Winslow Code Enforcement Officer, Frank Stankewitz, who

provided information concerning septic regulations and allowed the group access to town permit files.
He also m ade a copy of the Wins:ow Comprehensive Plan of 1 964 available for observation and provided
information regarding a history of violations of year-round residency and inadequate disposal systems.
Mr. Elery Keene, Winslow 's Chairman of the Planning Board, provided clarification of the changes
made to the referendum by the Planning Board and the consequences of these changes.
The State of Maine Subsurface Wastewater Disposal Rules, obtained from the Division of Health
Engineering from the Department of Human Services in Augusta, provided literature pertaining not only
to the regulation of sewage handling systems, but also to the setback and frontage regulations for houses.
Particularly applicable to the position of houses within the Pattee Pond watershed, this booklet described
the role of the Local Plumbing Inspector and the legality of grandfathered properties within the study
area.

Results and Discussion
The Winslow Comprehensive Plan of 1 964 suggested land use practices for the rural areas of
Winslow Township, including Pattee Pond. The plan recommended control of residential development
by way of large lot zoning and subdivision only if the land is sizable, off-highway and meets m inimum
requiremen ts for a septic system. Also, the plan suggested that every effort be m ade to prevent year
round settlemen t of the pond, and that development be restricted to seasonal residential development on
lots able to maintain a safe septic system . Since the first ordinance was passed by the town of Winslow
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in 1 967 , the zoning and subdivision ordinances have been consistent with the recommendations. Frank
Stankewitz (pers. comm.), the Winslow Code Enforcement Officer, feels that Winslow has been 80-90%
successful in keeping with the plan; no exceptions have been granted for the Pattee Pond area.
Development ofPattee Pond has primarily been by the establishment of camps, or small, seasonal
shelters. By the late 1 970' s and early 1980' s, there was a trend toward more expensive, home-like
structures, but there have been no year round residences recorded for the past twenty years. From analysis
of the tax maps obtained from Winslow's Town Office, there are approximately 1 30 waterfront lots on
Pattee Pond with 170 structures. The subdivision on tax map 29 of Lot 1 8 owned by Grace Vigue et al.
was recorded pre- 1 930 in which 1 69 parcels, generally of 50 feet x 100 feet, were created. Only 74
parcels remain in the ownership of Grace Vigue et al. The other 95 parcels were combined into 54 lots
and sold.
The town records

are

not clear regarding year-round occupancy violations around Pattee Pond

before the early 1970's. Since Frank Stankewitz has been the Code Enforcement Officer, he estimates
between six and eight successful prosecutions. At least one case was not successful due to lack of
evidence, and currently, one resident is under a court order for year-round occupancy violations and the
lack of a disposal system. The town ' s records show that the property has only a separated laundry system
with a fifty-five gallon capacity and no human waste disposal system. The owner claims that there is a
cesspool, but the property itself does not meet the physical requirements listed in the subsurface
wastewater disposal section.
In March 1 992, five registered voters of the Town of Winslow began the petitioning process to
amend Section 1 2-39 R-S Seasonal Residential District of the Winslow Zoning Ordinance. On 3 Nov
92, the residents of Winslow passed a referendum that made the following changes. The principal uses
of this district were amended to allow one-family dwellings for year-round or seasonal use, thereby
removing the limits to use that previously existed between December 1 and April 1 . The referendum also
stipulated that road width of a private right-of-way could not be less than twenty feet and that said road
could not serve more than five lots. Apparently there is a misunderstanding extending from the wording
of the referendum. The petition states that the private road "shall not serve more than five lots."
According to Frank S tankewitz, the intention of the petition was to allow no more than five conversions
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per road. But as written, the interpretation lends belief to the statement that a road must not provide access
to more than five lots total to meet the standards for conversion. Curre ntly, the roads around Pattee Pond
setve more than five lots so no one could conven to year-round status.

.
I

The Winslow Town Council Meeting held on 9 Nov 92 addressed these problems. The council
adopted amendments to clarify the referendum according to what they felt were the desires of the voters.
The changes clearly defined the types of roads acceptable and the number of conversions permissible.
Now the ordinance will allow no more than five conversions to year-round single family dwellings on
a private right-of-way with a width of at least twenty feet. The adopted change classifies the existing fire
roads as acceptable. Therefore permission will be granted on a first come, first serve basis. In order for
the town to grant permission for a conversion to permanent residence, other requirements have to be met
according to the Application fer Seasonal Conversion:
1 . Copy of Dep arnn ent of Health & Engineering l-ll-IE - 200 Subsurface Waste Disposal System
Design , showing the present subsurface wastewater disposal system m eets the requirements of
MRSA 30-A Section 42 1 5 -2.B .C.
2. S tatement from a State Licensed Site Evaluator stating the ex.isting Subsurface Waste Disposal
System is in good working order, by means of test borings or test pits.
3. Verification of Flood Elevation and Flood Elevation Certificate.
4. A valid Erosion and Sedimentation Control Plan certified by a registered Maine Engineer of
the affected lot and access road showing phosphorus control buffers, drainage, location of
subsurface wastewater disposal system and a 50 foot buffer of natural vegetation between the
pond and developed areas as required by the town' s S horeland Zoning Ordinance and approved
by the planning board.
5 . Certification by a registered Maine Engineer that the foundation meets the requirements of
1 990 the BOCA Code.
The most stringent factor facing those residents who wish to conven their house to a permanent
dwelling is the state of their subsurface waste disposal system. The soil around Pattee Pond is classified
as severe. Therefore a large disposal field is necessary. Many of the lots on the Pond are too small to
comply with the state regulations. Winslow ' s Code Enforcement Officer will determine if the disposal
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systems are adequate and in good condition to suppon year-round use. Also, the amendment states that
no town official may grant any exceptions or variances to the above standards and conditions.
The council also incorporated into the wording of the referendum changes that it is not their intent
to prevent occasional recreational use of the seasonal cottages between December 1 and April 1 . Those
seasonal re sidents who do not have a conversion permit, may use their cottages on an intermittent
overnight basis. The Council neglected to include a definition of ' occasional '; therefore there is no

standard with which to enforce compliance (Elery Keene, pers . comm.). According to Frank S tankewitz,
the Council did not define a limit for ' occasional ' due to the trend of increasing land use flexibility by
owners according to the wishes of the town members .
The S tate has required all Maine towns to adopt shoreland zoning ordinances and submit them
to the S tate for approval. For those towns that have not displayed interest in writing their own shoreland
zoning laws the S tate has begun preparing laws for them. Until the State completes this task, Winslow
has a grace period since they demonstrated an interest in drawing up their own ordinances. By the spring
of 1 993, Winslow should have a shoreland zoning ordinance, which must be at least as strict as the State ' s ,
to be adopted by the Town Council and submitted to the S tate. Then, the S tate has 3 0 days to approve
or rej ect. Therefore Pattee Pond is presently subject to Mandatory Shoreland Zoning. According to these
regulations, nonconformances may not be increased in the 250 foot shoreline area.
Under the state ' s guidelines, a transfer of ownership, normal repairs and m aintenance are
permitted on the nonconforming structure. An expansion of the nonconfarming structure may not
increase nonconformity. Any pan of the structure that does not meet the setback requirements may not
be expanded by more than 30% of the floor area. Any structure within the setback limits may not expand
toward the body of water. Under Section 1 2C4 of the State of Maine Guidelines for Municipal Shoreland
Zanin� Ordinances, a town ' s Planning Board can permit a change of use of a nonconforming structure

if they determine that the change will not increase adverse impacts on the body of water or wetland. A
change of use within this area would require those homes that were previously grandfathered and now
wish to become year-round residences to meet current State plumbing, septic and foundation re gulations.
Another amendment added to the referendum on 9 Nov 92 allows those residents who have used
their structure as a year-round single family dwelling before 26 Apr 82, to occupy that propeny on a year-
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round basis. Permission for occupation depends only on their compliance with a strict interpretation of
the State of Maine' s Plumbing Code, Winslow's Town Ordinances, and Mandatory Shoreland Zoning
Law. This amendment only applies to the Pelletiers ' who live on Fire Road #3. Other residents who wish
to conven cannot do so if they will violate current Mandatory Shoreland Zoning Laws or Winslow town
ordinances.
The recent developments could potentially allow a large number of camps around Pattee Pond
to be convened to year-round residences. The amendment permitting occasional overnight occupancy
by other seasonal owners during the winter months could significantly increase the use of the pond. The
potential changes resulting from home and septic improvements to meet conversion requirements,
increased year-round use of the lake, and increased strain on the soils due to larger disposal loads could
have detrimental effects on Pat:ee Pond' s future water quality.

Roads
Methods

An extensive field survey was conducted on the roads contained within the Pattee Pond
watershed to determine their condition and their potential impact on the lake. The fire roads were
considered as a separate category because they · are concentrated on the east side of the pond and are
privately maintained, whereas the others are either maintained by the municipality or state. The survey
of the roads was conducted in a car on three separate occasions, 28 Sep 92, 5 Oct 92, and 12 Oct 92.
Frequent stops were made to make note of the condition of the roads and ditches, as well as to m ake
random width measurements with a 50 m tape measure. Mileage was recorded based on odometer
readings from the car. Pictures were taken to illustrate particularly bad sections of the road as well as
good sections of the road.
The roads were rated based on an integer scale of 1 - 5 , five being the best. The criteria used to
scale the roads were based on conversations with Roy Bouchard of the Department of Environmental

Protection. These criteria involve aspects of the roads that would contribute to increased run-off and lead
to a higher phosphorus input into the lake.
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The criteria are as follows:
- basic criteria that pertain to all roadscrowning (higher in the middle to allow drainage), gullying (on gravel roads this also

pertains to turf berms which restrict drainage of the road surface) , potholes, drainage ditches (if

present, if vegetated to prevent erosion), erosion and washouts .
- specific criteria for paved roads
heaving, cracks
- specific criteria for gravel roads-

packed or loose gravel, gravel size (small (crushed stone/gravel) or large (cobbles)) .
- specific criteria for fire roadssame as gravel roads but the width was also taken to consideration for accessibility
as well as the proximity to the water' s edge.

A road with a scale of 5 was evenly crowned with no potholes, cracks, heaving or gullying; the
ditches were vegetated and were present when neces sary . Culvens were present and were in good
condition. There were no significant erosions or washouts. Gravel roads had

� ghtly packed gravel of

small size. Fire roads were wide enough for large vehicles such as fire trucks to pass easily and did not
end close to the water ' s edge (within 40 yds).

A road with a scale of 4 was evenly crowned with no potholes, few cracks and minor gullying.
The ditches were vegetated and were present when necessary. Culvens were in good condition. Gravel
roads had tightly packed gravel of small size. Fire roads were wide enough to allow accessibility to large
vehicles and did not end at the water' s edge.

A road with a scale of 3 was unevenly crowned with few small potholes, cracks, and minor
gullying. The ditches were mostly vegetated and were present when necessary. Culvens were in good
condition. There were minor erosions and washouts. Gravel roads had tightly packed gravel of small
size.

A road with a scale of 2 was not crowned, had m any cracks and potholes , and gullying . The
ditches were not thoroughly vegetated but were present when necessary. Culvens were in poor condition
(clogged) . The road had many washouts and was highly eroded. Gravel roads were not tightly packed
and the size of the gravel varied from pebbles to cobbles . Fire roads were fairly narrow (9 feet) and ended
at the water' s edge (within 40 yards).
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A road with a scale of 1 was not crowned, was very uneven (heaving) and had many cracks, large
potholes and severe gullying. The ditches were not always present and when they were, they were not
vegetated. Culverts were iri poor condition and were not always present when necessary. This lack of
vegetation led to significant erosion and washouts. Gravel roads had very loose gravel and some
consisted of cobbles. Fire roads were narrow, ended at the water' s edge and did not allow for proper
drainage.

Results and Piscussion
Out of the 22.2 miles of roads traveled within the watershed, the only state road in the watershed,
Rt. 1 37 , was in the best condition overall, rating a four (Fig. 34) This road, 3 3 feet in width, had vegetated
.

ditches and few cracks.
The dirt roads were, on average, in the worst condition, averaging just under three. The worst
ones, Palmer Road, Giordano's Campground, and an access road to the pond off Pattee Pond Road, were
narrow, loosely packed, and badly eroded in places. When drainage ditches were visible, they were steep
and not always vegetated. The access road had a steep, paved hill , the bottom of which crosses Bellows
S tream and appears to flood every spring. Giordano' s Campground road was badly gullied, ran straight
into the water, had a field used for parking (cars and campers) approximately 60 feet from the water' s
edge with no buffer zone. The better roads, Morrill , Camp Caribou (Fig. 35), and Wyman, were well
packed and had some vegetated ditches that, in most cases, were not too steep. As with the other dirt
roads, they were either eroded in places or led down to the water' s edge.
The fire roads had the greatest standard error but had an average rating just above three. For the
most part, erosion, roads ending near the edge of the water, narrow roads, grass growing in the middle,
and potholes were the major problems. One fire road, number 5 (Fig. 36), rated a five on the scale. It
was tightly packed, had no potholes, drained well, but did have some slight erosion. Fire road 4 was the
worst, rating a two. Even though it had well-vegetated ditches, this road had a heavily eroded hill , a
broken culven (Fig. 37), potholes, gullying, and washouts. Fire road 1 had a few paved sections that were

in terrible shape with many potholes and cracks (Fig. 38).
The municip al roads, which covered the greatest mileage in the watershed , had an average scale
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Fi g 3 5 . Picture of the road leading to Camp Caribou which is
well-packed and has a well-kept culvert. Picture taken 5 Oct 1 992.

Fig. 36. Picture of Fire Road 5; notice the lack of potholes,

well-packed surface, and levelness. Picture taken 28 Sep 1992.
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Fig. 37. Picture of Fire Road 4 with a broken culvert
showing through a bad washouL -Picture taken 28 Sep 1 992.

Fig. 38. Picture of Fire Road 1 at the beginnin g
of a paved area Picture take n 28 Sep 1992.
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above three . The main problems with these roads were potholes, washouts (Fig. 39), lack of crowning,
and cracks in the pavement. For the most part these roads had well-vegetated ditches and were not close
to the water.
Ii1

an interview with E. Baker, Head of Winslow Dept. of Public Works, it was discovered that

the condition of the roads is monitored by citizen complaints as well as a survey program that takes into
account the type of road (gravel, paved, dirt) and the value of the road as a thoroughfare. During the
summer, heaves, cracks, and other problems are repaired using bituminous tar compounds. In the winter,
a combination of sand and salt is used to melt ice and to provide traction. When needed, ditches are
sodded and seeded, with slopes over three percent having sides either sodded or meshed. In the extreme
case, ditches are rip-rapped. Culverts are kept clean of waste; if they wash out, they are replaced with
a larger culven.
Gravel roads (Wyman Road) are the biggest maintenance problem for the town. They often have
to be recrowned and graveled during the spring season. The Winslow DPW does no work on fire or dirt
roads. They are all privately owned and regulated as to easement and access privileges. All have to be
m aintained and installed by the owner. Often, because of the narrowness of the roads, emergency
vehicles are not able to travel these roads. To apply for a year-round permit, the resident must personally
assume the cost of upgrading the seasonal access road to the town standards and, once the road is up to
this standard, the re sident must then assume the responsibility of the upkeep of the road.
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Fig. 39. Picture of the side of North Pond Road showing
a washout. Picture taken 28 Sep 1992.
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Summary

Pattee Pond and Iributarjes
Decreasing transparency of Pattee Pond over · time may indicate that the amount of

•

biomass in the lake has increased.
High dissolved oxygen levels in the fall indicate good water quality; however, dissolved

•

oxygen depletion in the warm summer months indicates deficient amounts available for
the flora and fauna.
•

pH has increased over time and is higher than the average Maine lake, suggesting
increases in m acrophyte growth.

•

High total phosphorus levels indicate eutrophication; however, total phosphorus levels
have been decreasing over time.

•

The total phosphorus range of 1 1 .8 ppb to 34.8 ppb predicted from the equations in our
study indicates that year-round phosphorus levels of Pattee Pond are not significantly
lower than the results of studies by the MDEP and therefore indicates the phosphorus
loading model works well.

•

Historically, Pattee Pond has been characterized as "colored".

Although our color

readings suggest that the lake is "uncolored", inflow from the tributaries may be
contributing to the color of the water in the lake.
•

Conductivity measurements for Pattee Pond have been high in the past, indicating
increasing amounts of sediment, nutrients and algae in the water column. Our re sults,
much lower than past studies, may suggest an improvement in water quality.

•

Hardness analysis indicates that Pattee Pond is "soft", which may increase the sensitivity
of fish to toxic metals. There exists a pattern of increasing hardness over time.

•

Fecal coliform levels, although low, indicate that septic discharge does exist.

•

From 1 97 8 to 1 98 8 , studies of Pattee Pond conducted by the :MDEP showed a pattern of
high but decreasing chlorophyll i levels. Ourresults indicate an upward trend since 1 98 8 .
Both historical chlorophyll i levels an d levels from this study indicate that the lake i s
productive.
r

•

•

Macrophyte populations are most dense in areas of probable high run-off or erosion .
Of the tributaries, Farber Brook has the fastest flow rate coupled with high total
phosphorus levels and significant color. This combination could lead to a high level of
external nutrient loading into the pond.

Biology 493 : Pattee Pond R eport

Significant rainfall, particularly after a dry period, causes Pattee Pond Brook to reverse

•

direction and backflush into Pattee Pond rather than exhibit the expected outflow
direction.
Even though the Northeast Inlet has the smallest proportion of water inflow, it has the

•

highest color measurements of all the streams. Therefore it is a significant source of
color for Pattee Pond.
High values for hardness and pH are found at Bellows Stream, which is adjacent to an

•

old landfill.

Land Use
•

General Trends in Land Use
•

There has been a decline in the amount of cleared land over the last twenty or thirty years.
Residential land area has increased, as has the number o f shoreline and non-shoreline
structures. Forested areas have also increased, most likely due to the decrease in logging
and agricultural practices. Wetland areas have remained nearly constant over the past few
years.

•

External Phosphorus Loading
•

The total mass loading forthelakewas predicted to have arange of 596kg-P/yr to 1759.55
kg-P/yr.

•

According to the phosphorus -loading calculations done in this study, forests add the
greatest amount of phosphorus. The residential area, although comprising less than 3% of
the watershed, expons the second largest amount of phosphorus to the pond. Individually,
all land use categories, except for forested land, added less than 14% of all phosphorus
entering the lake.

•

Soils
•

Based on the permeability, septic suitability, erodibility, and the slope of the soils in the
watershed, there is a very limited area suitable for residential development. Much of this
area has already been developed. There has been development in areas unsuitable for
residential development, including some areas around the perimeter of the pond. This
condition is particularly true of the western shore of Pattee Pond.
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•

In many cases the suitability of land for development depends upon its ability to support
a proper septic system. A combination of soil type, lot characteristics and size dictate the

ability ofland parcels to contain septic systems. Septic systems are not permitted in several 1
soils, and in many others the prohibitive cost measures needed would be astronomical due

to the necessity of blasting and fillin g to accommodate a septic system. Many lots around
Pattee Pond are not large enough to support a proper leach field septic system.
•

Agriculture and Forestry
•

There is one apple orchard within the watershed. There are no cattle or chicken fann s in
the watershed. Aerial photos indicate an extensive history oflogging practices in the Pattee
Pond watershed. In the past decade there has been little logging activity, except for a small
section on the west side of the pond. The decrease in agricultural practices since the 1 960' s
most likely resulted in a decrease of phosphorus entering the lake.

•

Subsurface Waste Disposal
•

Although the type of septic systems around Pattee Pond was tabulated, it is difficult to
compile information regarding the physical state of existing disposal systems. It appears
that the policy of the Winslow Town Office to investigate areas with coliform levels higher
than 1 2 colonies per 1 00 ml of water, as reported by the Maine Dept. of Environmental
Protection, has prevented malfunctioning septic systems from becoming a serious threat
to the water quality of Pattee Pond.

•

Lan dfills
•

The only landfill in the watershed was in operation from 1959 to 1 9 8 1 and is located 420
feet from Bellows stream. What was dumped in the landfill was not regulated and no
records were kept. The majority of the solid waste was probably paper from Scott Paper.
For the first 1 7 years the practice was to burn the trash and bulldoze the ash over the edge

of the landfill. The landfill was only sporadically covered with din from the cleanup of
roads, and when permanently closed was not capped with an impermeable substance such

as clay. In the past, run -off into Bellows Stream may have been a problem, but currently
the landfill" has been grown over by shrubs and grasses, so the m ajor concern would be any
substances reaching the stream by leaching into the ground water.
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Zoning and Development

•

The soil type, grade, and proximity of many structures to the pond has strained the ability

•

of the land to control high inputs of nutrients. Thus there has been an increase of nutrient
loading into Pattee Pond within the past fifty years, and an increase in the sensitivity of the
land to non-regulated and grandfathered septic systems. The wide variety of subsurface
waste disposal systems, and the current state of each, contributes to the difficulties in
regulating nutrient inputs to the Pattee Pond watershed.
Future development within the Pattee Pond watershed would increase the nutrient load, but

•

enforcement of stricter controls for existing systems could improve the water quality of
Pattee Pond dramatically.
•

Roads
•

The possibility of the establishment of year-round residences on some fire roads surround
ing Pattee Pond demands proper maintenance and upgrading of these roads to standards
acceptable to emergency response teams, and within state regulations for erosion control.

•

As stated in sub-section (d) of Section 12-10 (B) (2) of the amendment to the Pattee Pond
referendum, the width of the private right-of-ways to any year-round residence must be at
least 20 feet wide. Therefore, all the fire roads leading to Pattee Pond must be upgraded
at the expense of individuals wishing to convert to year-round re sidency.

•

In general, the roads did not adversely affect the water quality of the pond except for the

fire roads, which lacked full vegetative buffer strips, and which may help channel nutrients
to the pond through ephemeral streams.

Recommendations

•

Water Quality Tests
•

All readings and samples should be taken at the center of the lake where the depth is

greatest, and at two other points; one offshore from the western developed area, and one
other selected site.
•

Readings should be taken bi-weekly for:
•

Secchi disk

•

Temperature
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• Dissolved Oxygen
• Monthly testing should be done for:
• pH :
·

·• Total Phosphorus
• Chlorophyll a

• Testing should be performed during mid to late August for:
• Color
• Conductivity
• Coliform (Also done during mid season)
•

Check Bellows Stream above and below landfill for possible leachate problems.

• Survey surrounding wetlands and tributaries for indicator macrophyte species populations
such as duckweed.

• Monitor wetlands for nutrient loading.
• Forestry
•

Strictly enforce minimal impact practices, such as no clear cutting, no cutting within set
limits near streams or lakes, and registering with a Maine state forester to make sure
logging operations are in accordance with the Forest Practices Act.

• Encourage logging activities that minimize the impact of access roads on water quality,
such as the use of cables to drag logs out of the fore st.

• Subsurface Waste Disposal
• Encourage owners of grandfathered systems to upgrade their systems to meet current
regulations.
• Educate homeowners of signs of a malfunctioning disposal system and prevention
measures. (Waste entering system should be minimized to include only paper products,
water, and excrement. Garbage, diapers, grease, and sanitary napkins can lead to
clogging. Use only non-phosphate detergents.)
• Educate homeowners on detrimental effects of gray water.
• Have Code Enforcement Officer verlfy current state and maintenance of systems.
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Zoning and Development

•

Define limit of occasional overnight use between December 1 and April 1, through

•

creation of enforceable standard by Winslow Town officials.
Install a watershed water quality maintenance program, with particular emphasis on

•

citizen awareness, and encourage residents to create buffer zones.
•

Revise the Winslow Comprehensive Plan (previous one dates from 1964), to include
strict limitations on shoreline residential subdivision around Pattee Pond.

Grant

building permits solely for parcels able to uphold a proper subsurface septic system and
adequate buffer zone (within 100 feet from shoreline). Maintain safe building practices
with respect to slope of lot, reseeding of disturbed areas, and control of erosion during
construction.
•

Establish guidelines for set back, septic, and structure regulations to insure increased
protection of Pattee Pond water quality in the development of the Town of Winslow
Shoreland Zoning Ordinances that are stricter than Maine state regulations.

•

Establish a precedent for the strict application of the provisions set fonh by the Town
of Winslow concerning seasonal to year-round conversions so the change of use will not
have a detrimental effect on the water quality.

•

Roads

public roads within the watershed undergo proper upkeep and maintenance.

•

All

•

Conven fire roads slated for year-round use to standards acceptable by Departm ent of
Public Works. The impetus for this upgrade must come from either the residents using
the roads, or from the Town Office.

•

Increase awareness of seasonal and year-round residents regarding the impact of
improper road maintenance upon the water quality of Pattee Pond. Proper vegetation
strips, crowning, and sloping of roads greatly enhances the ability of surrounding land
to absorb nutrients originating on or near the road surface.

•

Control phosphorus loading by reducing road length or width, protecting natural
vegetation, and constructing wet ponds to hold run-off.

•

General
•

Use natural herbicide or pesticide alternatives in orchard and residential gardens.

•

Limit fenilizer use to when a soil test merits its application.

•

Dispose chemical products in an environmentally safe manner, i.e., take to chemical
disposal centers.
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Appendix A.
Lake water quality tests determined on-site and in the laboratory. Sample
sites and date of sampling and analyses are indicated.
Test

Sampling Date

Date of Analysis

Sites Tested

28 Sept 92
12 Oct 92
28 Sep 92
12 Oct 92
28 Sep 92
12 Oct 92
28 Sep 92
12 Oct 92
28 Oct 92
28 Sep 92
12 Oct 92

NIA**

1-10
0,15
1-10
0,15
1-10
0,15
1-10
0,15
0, 1,6,8,9
1-10
0,15

28 Sep 92
5 Oct 92
12 Oct 92
28 Sep 92
5 Oct 92
12 Oct 92
28 Oct 92
28 Sept 92
5 Oct 92
12 Oct 92
5 Oct 92
12 Oct 92
28 Sep 92
5 Oct 92
12 Oct 92
28 Sep 92
5 Oct 92
12 Oct 92
28 Se:e 92

28 Sep 92
5 Oct 92
13 Oct 92
1 Oct 92*, 2 Oct 92
20 Oct 92*, 21 Oct 92
20 Oct 92*' 21 Oct 92
29 Oct 92*, 30 Oct 92
12 Oct 92, 1 3 Oct 92
12 Oct 92, 13 Oct 92
13 Oct 92
5 Oct 92
12 Oct 92
28 Sep 92
5 Oct 92
13 Oct 92
29 Sep 92
6 Oct 92
13 Oct 92
6 Oct 92 (NE Labs)

On-sjte
pH
Depth
Temperature
Dissolved oxygen

Secchi disc

Labsn:a12cI

Nitrites/Nitrates

Total phosphorus

Ammonia
Color
Conductivity
H ardness

Chloro:ehlll a

NIA**
NIA**
NIA**

NIA**

1-10
3,5,10-13
0,15
1-10
1,3,5,8,10-13
0,1,15
0, 1,6,8,9, 12,13, 15
1-10
3,5,10-13
0,15
1-13
0,3,15
1-10
3,5,10-13
0,15
1-10
3,5,10-13
0,15
1,6

*These dates indicate digestion of total phosphorus samples.
**These parameters were determined on-site; therefore, the column penaining to the date of
analysis does not apply.
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Appendix B. Quality Assurance Package.

Secchi Disc

The secchi disc was lowered until out of sight. The depth was then recorded. The disc was

lowered down approximately one meter extra, and then it was raised until visible at which time the depth
was recorded again. The process was repeated twice more.

Depth Line

The depth line was dropped into the water until slack was felt. The slack was gently pulled out

of the line, while the sampler was careful not to lift the sinker off the bottom. The depth was recorded
and the process was repeated twice more. A hummingbird depth finder was also used.
Samplin2
To ensure the quality of our samples, when approaching the test site, the boat sped up, the engine
was turned off, and we allowed the boat to coast to the sampling site. San1pling was performed from the
bow of the boat and into the wind. When sampling at the surface, the washed, distilled rinsed bottles were
held upside down, pushed to 0.5 meter below the surface, and pushed horizontally away from the boat
to draw the sample. The bottles were than lifted out of the water and capped. Contac_t between the sample
water and the hands of the sampler did not occur. Bottle lids, if dropped, were rinsed with distilled water.
Maximum Holdin2 Times
To ensure the quality of our water samples, analyses of samples were done within the maximum
holding times for each sample as defined by the Quality Assurance Plan for Clean Lakes Program ( 198 1 )
(Table 1 3). Most samples were analyzed well within the time allowed.
Acidification of Harciness and Ammonia

To prepare the water samples for the analysis of hardness and ammonia, nitric acid and sulfuric

acid were added, respectively, drop by drop. Bottle lids were rinsed with distilled water, and a small
amount of the sample was poured from the bottle into the lid. The pH of the water in the lid was then

checked with litmus paper. H the pH was less than 2, the water in the lid was dumped overboard and the

bottle was recapped. H the pH was not correct, the procedure was repeated. Once the number of drops

of acid needed to bring the sample below a pH of 2 was determined, the same number of drops was used

for all other bottles of the same size and the same test.
Monitorin2 the guality of our samples and analyses
To monitor the quality of our samples and analyses, duplicate samples, split samples, and spiked
samples were done (Table 1 4). Duplicates of samples were done to ensure the quality of our sampling
techniques (Table 15). In the duplicate sample procedure, two bottles were filled rather than one . Split
samples were performed

t-0
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ensure the quality of our test analyses in the laboratory (Table 1 5 ) . In the

split sample procedure, samples were split in half and both halves analyzed separately at the same time
using the same techniques. A phosphorus sample was also spiked with a known amount of phosphorus
(15 ppb) to monitor our testing procedures (fable 16).
The % Recovery (R) of the spiked phosphorus sample was calculated using the following
equation:

% R = 1 00 (x s-xu) I K
where: x s=measured value of spiked sample
x u=measured value of unspiked sample (adjusted for dilution)
K=known value of spike
Therefore,

% R = 100 (22.0ppb-10.7 ppb) / 15 ppb
% R = 100 (1 l .3ppb) I15 ppb
% R = 75.33

The percent recovery (75. 33%) calculated for the phosphorus sample is somewhat lower than our
target range. The target range was 80-100% recovery.
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Tests

Temperature
(OC)
Dissolved
Oxygen
(on m)
pH

Secchi (m)
Conductivity
(umhos/cm)

Nitrate
(ppm)-

Results of Pattee Pond water aualitv tests. Fall 1 9�12. Samntes taken 28 Se , 92. 5 Oct 92. and 12 Ort 92.
Dates

9(28
9(28
10/5
9(28
9(28
9(28
9(28
9(28
1 0/5
1 0/5
9(28
9(28
9(28
1 0/5
1 0/5
10/1 2
9(28
9(28
10/5
1 0/5
1 0/12

Hardness
(mg/I)

9(28
9(28
10/5
10/5
1 0/12

Total
Phosphorus

<ooh)

9(28
9(28
9(28
10/5
10/12
1 0/12
1 0/28

10(28

Site 0

Site 1

Site 2

Site 3

Site 4

Site S

Site 6

Site 7

Site 8

Site 9

Site 10

1 8.0

1 8.3
1 8. 2

1 8.5

1 8.5

1 8.8

1 7.7
1 7.3

17.9
1 7.7

1 8.7
1 7.7

1 8.0

19.4 .

8.9
9.0

9.0

1 3 .7
9.3

1 1 .0

8.09

7.87

16.l

1 6. 9

1 7.4
1 3 .6

9. 2
8.2

8.4

9.6

8. 7
8.5

8.6
8.4

9. 1
8.8
7.3

T=7.73
8=7.()6

7.82

T=7.73

1.95

7.96

8=7.74

1 .95
T= l 8.5

1 .7
1 6.7

1 5.0

7.5 1
7.9 8

7.96

16.0

1 5 .75

8=1 7.4

T=7.80
8 =7 . 5 1

T=7.93
8=7 . 84
1 .9
T= l6.5
8= 1 7.0

T= l 7.2
8=1 7.4

T= l 7.0
8=1 7.7

1 8.25

1 8.75
1 7.0

T=0.02

0.02

0.02

0.02

8::0.02

29.5

29.6

30.0

8=27.6

3 1 .0

T= l 6.5
8=7.3

B::0.02

T=28.7
8=29.6

T=29.4
8=3 1 . 1

T=29.0
8=28.6

T= 1 2.5

T- 10.3

0.28

T=0.02

0.02

29.9

29.5

3.8

8. 8

8.3

B=22.0
T= l 7.0
8-8.2

e. B = Samp le taken 0.5 m above bottom of lalce.
T = Samp le taken 0.5 m below water surfac

4.9

8=10.1
8= 1 3 . 1

B = l l .4

T= l 5. l
B =5 .4

8.6

O.Q l

28.9
30.5
33.5

3.1

3.3

4.2

i

0.02
0.03

3 1 .6

3.3
T=6.0
1 5.9

B::0.02

T=0.02
B::0.02

T=0.03

0.02

0.04

T=29.5

0.02

1 8.40

8.9

- ---- - -

dix C

Tests

Color
(s p u)
Ammonia
(pp m )
Chlorop hyll a
(oob)

--

R
Dates

9{28
9{28
1 0/5
1 0/5
1 0/1 2
9{28
9{28
1 0/5
1 0/1 2
9{28

f p,

Pond

Site 0

.

al'

Fall 1 992. Sam.o les taken 28 Sero 92. 5 Oct 92.. and 1 2 Oct 92

Site 1

Site 2

Site 3

Site 4

Site S

Site 6

Site 7

Site 8

S ite 9

T= l 5 .0
B = l 6.0

1 5.0

2 1 .0

1 5.0

1 4 .0

T= l 3.0
8= 1 4 .0

1 4 .0

1 8 .0

1 8.0
1 6.0
1 7.0

2 1 .0
T=-.002
B=-.CX>3

0.000

0.000

0.002

0.000
-0.009

T=-.003
B=-.003

T=0.006
B=-.006

0.0 1 2
7.90

8. 1 6

T = Sample taken 0.5 m below water surface. B = Sample taken 0.5 m above bottom of lake.

Results of the tri utarv water aualitv tests. Samoles taken 5 Oct 92. 12 Oct 92. and 28 Oct 92.
Tests

Temperature
o
( C)
Dissol ved
Oxygen
(ppm)
oH
Conductivity
<umhos/cm)
Nitrate
(oom)
Hardness
(m g/I)
Total
Phosphorus

,_..i �

N
,_..i

s::i

OQ
�

Site 10

(nob)

Color (sou)
Ammonia
(oom )

Site 1 3

Date

Site 1 1

1 0/5

1 0.7

8.8

8. 1

1 3.2

1 0/5
1 0/5

8.4
7.8

9.0

9.4

9.5

10/5
1 0/5

7.00
1 2.5

6.50
1 1 .2

6.72
8.8

7.3 5

1 0/5

0.06

0.04

0.05

0.08
66.0

Site 12

S i t e 15

8.2

:

1 0/5

55.0

7 1 .0

83.0

1 0/5
1 0/ 1 2
10128
1 0/5
1 0/5
1 0/1 2.

3.3

1 4 .3

1 7.7

53.0
0.002

1 7.7
65.0
-0.003

1 3 .8
42 .0
-0.004

6.3
1 3.7
1 00.0
-0.003

T=-.004
B=-.004

-0.003

T=0.009
B=-.CX>7
-0.005

Appendix D. Flow Rate Raw Data.
26 Oct 92

Sabina, Katie, Prof. Firmage
Previous week' s weather - cold, approx. 2" rain
General weather conditions - cold, cloudy, windy

Sjte #11

Used dye - 24.00ft/5 min
depth - 2.67 ft
width - 29. l 7 ft measured from bridge

Sjte #12

Used flow meter - Center- 3.30 ft/sec
left edge -2.33 ft/sec
right edge-2.02 ft/sec
depth - 1 .00 ft
width 4.58 ft
-

Sjte #13

Used flow meter Measurement point
(ft from edge)
0
1
2
3
4
5
6
7
width 7 .00 ft

Flow rate
(ft/sec)
0.00
1 .46
1 .70
1 .5 1
1 .49
1 .01
1 .04
0.00

Depth
(ft)
0.67
3.00
1 .33
1 .08
0.83
0.75
0.67
0.00

Flow rate
(ft/sec)
0.00
0.99
1 .2 1
1 .69
0.00

Depth
(ft)
0.42

-

Sjte #15

Used flow meter
Measurement point
(ft from edge)
0
I
2
3
4
width 4.00 ft
-
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0.42
0.38

-

Found stream/pipe perpendicular to nibutary
Left-0.68 ft/sec
Flow rate Right-0.05 ft/sec
Center-1.19 ft/sec
depth - 0.4 6 ft
·

width - 1.25 ft
9 Nov 92
Katie
Previous week's weather - Cold, no precipitation

General weather conditions - Clear, cold, little wind

Sjte #11

Dye used - 93.48 ft/ 8min
Same depth and width measurements

as

10/26
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Appendix E. Phosphorus Equation.

Eguation:
W = (Ec a x A s 1 )+(Ecf x Areaf)+(Ec w x Areaw)+(Ecc x Areac)+(Ecr x Arear)+(Ec s x Area s )+(Ecn x
Arean )+((Ec ss x #of c apita years 1 x ( 1 -SR1))+(Ecns x #of capita years2 x ( 1 - S R2)) + Ec cs x ( l 
S R3))+PSI

W = total m ass loading
Ec a = expon coefficient for atmospheric input [kg/ha-yr]
0. 1 5-0.5 The general range is 0. 1 5 -0.6. Pattee Pond is similar to the description of the
Higgins Lake case study where little agricultural and industrial activity talces
place, which probably results in small quantities of airborne phosphorus. The
export coefficient is multiplied by the area of the pond (A s 1 ).
Ec f = export coefficient for forested land [kg/ha -yr]
0. 1 5-0.3
The coefficients for forested land were selected directly from the mid range
v2lues given by Reckhow an d Chapra ( 1 983).
Ec w = export coefficient for wetlands [kg/ha-yr]
0.03-0.2
This coefficient is directly from the East Pond study (Colby Biology 493 , 1 99 1 :
Bouchard 1 99 1 ) .
Ec c = export coefficient for cleared land [kg/ha-yr]
0. 1 - 1 .0
Pattee Pond was comp_ared to the Higgins Lake c ase study (Reckhow and
Chapra), which used a range of 0. 1 - 1 .3, and the case study done on East Pond,
which used a range of 0.25-0.6. There are not many dairy or cattle farms and
no active c hicken farms located within the watershed. The cleared land is
mostly used as pasture therefore has a low P impacL Camp Caribou has cleared
land surrounding it but this land was considered part of shoreline development
as it is mostly fertilized lawns.
Ecr = export coefficient for roads [kg/ha-yr]
The coefficient was taken directly from the East Pond study (Colby Biology
493, 1 99 1 : Bouchard 199 1 and Dennis 1 989).
Ec s = export coefficient for shoreline development [kg/ha-yr]
The general range given by Reckhow and Chapra was 0.5 - 5 .0. The Higgins
1 .5-5 .0
Lake case study was described as mostly residential/recreational and all units
were served by septic systems. The range used was 0.35-2.7 . Pattee Pond is
. comparable with a mostly residential/recreational shoreline with about equal
numbers of septic and holding tanks. There were quite a few pit privies along
the shoreline which was very steep (west side). This could have a high P impact
depending on the amount of use. (note : Pattee Pond development was divided
up into shoreline and non-shoreline whereas Higgins Lake put them together
to determine the coefficient.)
Ecn = export coefficient for non-shoreline developmen t [kg/ha-yr]
Non-shoreline structures were comparable to the description given in the
0.35-2. 7
Higgins Lake case study.
0.8-4.0
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Ecss = expon coefficient for shoreline septic tank systems [kg/(capita-yr)-yr)]
The general range is 0.3-1.8. The coefficients used in the Higgins Lake study
0.6-1.8
were 0.3-1.0. We found that most shoreline systems were in poor condition due
. to the age of the systems and location (i.e. steep slopes).

#of capita years f=#of persons contributing to septic systems (number of persons x days/yr) x
#of living units
An estimate of 3.5 persons per living unit was used in the Higgins Lake study.

The time spent at living units for seasonal residents for our study = 40 days/yr.
The number of units considered for permanent versus seasonal residence was
determined using both the structure map and the on site survey.

Seasonal

structures which possessed pit privies were figured in the calculation but not
those possessing holding tanks. (Note: time spent at seasonal residences is
estimated at 40 days/yr. because many of the residents are from out of state and
only spend weekends on the pond.)
SR1 = soil retention coefficient for shoreline development [dimensionless]
0.6
This is an estimate of how well the soil is able to immobilize phosphorus
ranging from 0 to 1. One indicates that the soil is able to tie up all the
phosphorus (none of it will reach the lake) and zero indicates that all the
phosphorus entering the soil eventually reaches the water basin (Reckhow and
Chapra 1983). Panee Pond was found to have soils which tend to retain
phosphorus fairly well.

Soils within the watershed characteristically has

permeability low enough to allow phosphorus to bind to soil panicles which
prevents leaching from being a major problem. Based on thisP retention, it was
estimated to be fairly retentive, 0.4-0.8. Presumbscot, the parent material of
most soils in the watershed is classified as a clay based on size, not mineral
content; the dangling negative charges that allow P to enter the clay lattice
structure are not present in Presumbscot soils so the ion exchange capacity is
not comparable.
Ecsn = expon coefficient for non-shoreline septic tank systems [kg/(capita-yr)-yr)]
Most non-shoreline systems were in good condition, but some might be out
0.4-1.8
dated. Some located on streams expon wastewater directly into the streams:
#of capita years2=#of persons contributing to septic systems (non-shoreline residents)
An estimate of 3.5 people per living unit was used, with the time spent in in unit

at 365 days per year.

Included in permanent structures are mobile and

dilapidated units.
SR2= soil retention coefficient for non-shoreline development [dimensionless]
.9

As P exported from non-shoreline residents has a greater chance to be
absorbed. a larger soil retention coefficient was used.

Ecsc= combined expon coefficient and#capita years used for Camp Caribou [kg/yr]
102.88-206.54
These numbers were calculated by using the design manual by the U.S.
Environmental Protection Agency (1980) which lists numbers for pollutant
concentrations of major residential wastewater fractions (23 rrig!L) and typical
wastewater flow from institutional sources (52.8-106 gal day/unit).

Camp

Caribou is treated as a seasonal residence (90 days/yr.) with approximately 220
people per season.
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SR3 = soil retention coefficient used for Camp Cari bou [dimensionl ess]
.8
As the soils surrounding Camp Caribou, especially around the septic systems,
is more able to absorb phosphorus, a larger soil retention coefficient w as used.
PSI = point source input [kg/yr]
At present, there are no known point sources of phosphorus in the Pattee Pond
watershed, therefore PSI = 0 kg/yr.
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Appendix F. Predictions for the annual mass rate of phosphorous inflow.
EQUATION S
L=W/As

where, L = areal phosphorus loading (kglm2-yr)
W = annual mass rate of phosphorus inflow (kg/yr)
A s = surface area of the lake (m2)
Qs=Q/As

where, qs = areal water loading (m/yr)
Q = inflow water volume (m3/yr)
P=L/(11.6

+

1.2qs)*

where, P = lake phosphorus concentration (kg/m3)
Predictions were made from both the high and low values of annual mass rate of P inflow.
CONSTANTS FOR BOTH PREDICTIONS

A s = 2,126,294 m2
Q = 2.14 x 107 m3/yr
qs = 10.06 m/yr
HIGH PREDICTION

WH = 1759.55 kg/yr (obtained from land use calculations)
LH = 8.28 x 10-4 kglm2-yr
10- 4 kg/m2-yr)/[1 l . 6 + 1.2(10.06 m/yr)]
= (8.28 x 10-4 kg/m2 -yr)/(23.76 m/yr)
= 3.48 x 10-5 kg/m3
3
3
3
= (3. 48 x 10-5 kg/m 3)(106 mg Ikg)(m I10 L)(10 ppb I ppm)

P H = (8.28

x

= 34.8 ppb

LOW PREDICTION

WL = 596. 00 kg/yr
L L = 2.80 x 10- 4 kg/m 2-yr

(obtained from land use calculations)
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PL = (2.80 x 1 0 -4 kgtm 2 -yr)/[ l 1 .6 + 1 .2(1 0.06 m/yr)]
= (2. 80 x 1 0-4 kg/m 2 -yr)/{23.76 m/yr)
= 1 . 1 8 x 1 0-5 kgtm 3
-5 kg/m 3 )(106 mg I kg)(m 3 I 1 0 3 L)( l 03 ppb I ppm)
= (1.18 x 10
= 11.8 ppb
·

*Equations obtained from Reckhow and Chapra (1983).
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Appendix G. Manure Calculations.

Assumptions must be made about the average weight of the species concerned to calculate the
amount ofN andP2 05 being produced in the manure of a particular animal (Table 17). Also the amount
of manure a 1000 pounds worth of the animal would produce is estimated and assumed, and is in column
two in Table 17.

The assumed average weight of a species is divided by 1,000. For example, a 1300

pound cow is divided by 1000 resulting in 1.3. Then that result is multiplied by the amount of manure
that is assumed to be produced in one day by 1,000 pounds of the animal.
If x= wt. of average animal

y= amount of manure produced by the equivalent of 1,000 pounds of the animal wt. of manure produced
by an average individual=(X/1000) (Y)
The number of individuals of a species in concern (Table 18 pop.) is a rough estimate based on
estimates given by various retired farmers and other town residents. The number of-individuals of a
species can be multiplied with the amount of manure produced in one day by one individual, to get the
total weight of manure produced by the whole population of the species.
In Table 19, the percentage of dry weight of manure of the particular animal types are in column
one. The amount of manure produced by the whole population can be multiplied by the dry weight
percentage and divided by 100. This will result in the weight of manure without any water, just pure solid
material. Then one goes across the row to the percentage in dry weight given for the specific nutrient
one is interested in.
The percentage is divided by 100 and multiplied by the weight of dry material to give the weight
of the nutrient that the population of the type of species produces in one day. The amount of manure
produced in one day can be multiplied by 356 to get the total manure produced in one year.
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Table 1 7 . Assumptions in calculating manure production.

AU/ Animal

Animal Type
Dairy Cattle

Lbs Manure/Day/Au

1 .3

82

.5

82

Beef Cattle

1 .0

60

Laying Hens

0.004

53

Broilers

0.002

71

Horses

1.1

45

Heifers

Table 1 8. Low end estimates of populations of various fann animals in Pattee Pond
Watershed over the last thirty years.

Year(s)

dairy cow

heifer

broiler chicken

layin g hen

early 1960s

145

75

2,000

2,000

early 1970s

70

70

70,000

20,000

1 992

Table 1 9. Percentage of nutrients in various types of manure.

Species

% Dry Matter

Tot. N

Available N

p

2 05

K

205

dairy cow
no liner

18

0.45

0. 1 5

0.2

0.5

beef cattle
no liner
open din lot

52

1 .05

0.35

0.7

1.15

broiler Iitter

70

1 .57

3.2

1 .36

Horse
litter

46

0.7

0.2

0.7
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Appendix H. Personal communications.

-Mike Roy- Vassalboro Town manager
-Dick Partridge- Winslow Tax Assesor
-Peter Garren- Pres. of Pattee Pond Lake Association
-Roy Bouchard- :MDEP Lake Specialist
-Ernie Baker- Head of Winslow Dept. of Public Works
Frank Fekete-Colby College Biology Professor

-

-Richard Ireland- former dairy farmer
-Mitchell Michaud- Kennebec County Conservation District
-Raymond MacCaslin- former chicken farmer
-Steve Reynolds- operator of old Winslow landfill for 1980-81 and former dairy farmer
Frank Stankewitz- Winslow Code Enforcement Officer

-

-Lisa Krall- Soil Conservation Service: soil scientist
-Lindsey Tulloch- Soil Conservation Service: soil specialist
-Scott Williams- Maine Congress of Lake Associations
-Elery Keene- Chairman of Winslow Planning Board
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